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PREFACE 



By Alfred H. Baooks. 



A study of the water su})])ly of parts of Alaska has boon carried on 
by the United States Geological Survey for several years. At first 
the work was confined to Seward Peninsula; later it was extended to 
the Yukon-Tanana re{j;ion. In each of the most important mining 
distrn Ls of these two provinces stream <^a$^int? records were obtained 
covering three to five veai^s, and the results liave been pubiisiied in 
summary form.* It is uniortunato that the demands of other investi- 
gations bave not permitted the allotment of additional funds for the 
continuation of lijis woj k to the end that longer records of stream 
flow mjfjlit 1)0 obtained aiul other inland districts examined. 

This volume is devoted to water investigations in another field. 
The rapid development in the region tributary to Copper lliver, 
Prince William Sound, and the lower Susitna has led to much search 
for water powei"s, and for tliis reason a preliminary examination of 
the province was undertaken in 1913. ^h'asurements of stream 
volumes made durin<^ only one season can not, of course, be relied 
upon for estimating avoraL^e flows, but thts stud\ has yielded much 
information on the topography of drainage basins, reservoirs, and 
power sites, and inciilentally water measurements were made. These 
field data, together with compilalious of the Weather Bureau's 
records of precipitation, are here brought together in convenient form 
and wdl, it is befieved, serve as a general guide to the engineer, who 
will be the first to reafize tliat it must be supplemented by surveys 
and measurements before any wat(M-power project is seriously cnn- 
sidered. This volume will at h^ast serve to show that water powers 
available througliout (he year are not so abundant in this part of 
Alaska as has sometimes l)oen assumed. 

Tlie general })rovince here discussed contains valuable mineral 
deposits. In itis eastern part lies liie Ihning Kivercoal field, with its 
high-grade fuels, nnd also the Ka^^dla od lield. In tlie Co])per River 
basin and in the l^rmcc Wilfiam Somid region, to the west, there are 

1 Henshflw, F. F., and I' lrVor, G. L., Suriac« water supply of Seward Peninsula: U. 8. Oeol. Sun'ey 
Water-Supply PaperSH, 1912. Ellsworth, C. £.,and Davenport, R. W., Tho taxtim watw mpply of 
the YokoD-Tanaiia region: U. S. Ueol. Survey Wfttcr«Supply Paper 342, 1914. 
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raluablo gold and copper deposits. Tho t^'old deposits of (he Willow 
Creek district of the Kenai Peninsula also lie in the province investi- 
gated, and the Matannska coal field, with its valuable fuels, is close 
at hand. Take it all in ail, this is one of the richest mineral districts 
in Alaska and it contains also arable lands. Moreover, it embraces 
two of the most important gateways into inland Alnska — the Copper 
River and Susitna valleys. Any ])ower development in this field 
mnst be undertaken with full recognition of possible coTryprtif ion 
with the mineral fuels noted above. Coal and oil now cuimnand 
bii'li prices but when the local fields are opened can doubtless be 
supphed at much lower rates. 

This report is essentially tlic work of Mr. Ellsworth and Mr. Daven- 
port, who deserve great credit for having collected so much infornia- 
tion in a single lield season in a region wliich is in large part dilhcuJt 
of access. Appended to the main report is a reprint of an article 
by John C. Hoyt on the water ]K)wers of soutlieastern Alaska. There 
is thus brought together jdl the available information concerning the 
water powers along the Pacific coast of Alaska as far w(vst as Cook 
Inlet. These investigations should be followed by studies of stream 
flow extending through a period of years sufliciently long to afford 
data for accurate generalizations on stream volume. This work will 
be begun as soon as circnni'^tntices permit. For the present it must 
be deferred, as the annual grant of funds must be used for what are 
believed to be more importaut surveys and investigations. 
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A WATER-POWER RECONNAISSANCE IN 

SOUTII-CENTKAL ALA6XA. 



By C. E. Ellsworth aiid li. W. Davknpokt. 



INTRODUCTION. 

This report, which presents the results of the first systematic study 
of the water powers of south-central Alaska, has been compiled from 
observations made by the writers during the field season beginning 
May 6, 1913, and ( luiing November 25, 1913, supplemented by infor- 
mation obtained from numerous reports and maps prepared by 
other members of the Sunrey and from records furnished by the 
Weather Bureau. 

The areas investigated (see PI. I) were the Bering River basin in 
the Controller Bay region; the basin of Lower Copper River nnd ita 
principal tributary, the Chitina; numerous localities in the Prince 
William Sound region; the Willow Creek district; and the eastern 
part of Kenai Peninsula. Most of the larger streams in the vicin- 
ity of commercial centers and mining camps were visited, but this 
report should not be considered a complete inventory of the streams 
on which power may be developed within the areas discussed. 

Southern Alaska is generally understood to afford many opportu- 
nities for large water-power development. Its water powers are 
sometimes spoken of as "unlimited," a term which, of course, is 
never literally correct as applied to water powers and which is not at 
all applicable to the area covered by this report. The coast al regions 
of south-central Alaska are, however, particularly favored with many 
small undeveloped water powers having capacities of less than 200 
or 300 horsepower, and there are perhaps a few sites where plants of 
1,000 or 2,000 or possibly as much as 5,000 horsepower could be 
operated throughout the year. 

It is impracticable to estimate even approximately the power that 
oould be continuously developed on many of the streams investi- 
gated, for no previous records of flow have been kept on streams in 
this region, and the data obtained diuing this reconnaissance repre- 
sent only that part of the year when the streams are at or above 
their average stage. Even during that period daily records were 

u 



Digitized by 



12 WATER POWBB IN BOUTH-CSKtBAL ALASKA. 

obtained on only a few streams. It would be necessary to make 
daily observations for a year at least in order to estimate with reason- 
able accuracy the mean 3^early discharge. Another reason, of nearly 
equal importance, is the lack of information regarding the capacity 
of the various reservoir sites. If water power is to be developed 
continuously throughout the year, the value of storage reservoirs — 
in which the excess flow in the summer and fall can be conserved for 
use during the winter — can not be too strongly emphasized. 

Willing assif^tance and information were given to the writers by 
many residents of the country durmg the progress of the field work, 
and it is regretted that individual recognition can not be accorded. 
For gage readings and special services partimlnr acknowlcdf^inent is 
due to G. L. Banta; the Copper River & Northwestern Railway; 
W. A. Dickey, manntyer Three Man Mining Co., of Landlocked Bay; 
EUamar Mining Co.; Gold Bullion Mining Co.; Free Gold Mining Co.; 
S. M. Graff, manager Seward Light & Power Co.; Charles G. Hub- 
bard, manager Kenai Dredging Co.; Kennicott Mines Co.; A. R. 
Ohman; C. I. Olsen; Herman Schmesar; and L. W. Storm, mining 
engineer, Valdez. 

METHODS OF 1^ V l^STiUATlON. 

The two controlling features of a stream basin with respect to its 
water power capacity are (1) the run-off and its variation throughout 
the year and (2) the head under which the water can be udlised at the 
wheels. A third feature, however, that will frequently determine the 
practicability of the project on Alaska streams is the storage capacity 
that can be created above the point of diversion. 

To determine the run-o£f, measurements of discharge were made 
by a currmt meter, and where practicable gages were installed from 
which the elevation of the water stirface was read at various intervals 
of time depending on the proximity of the observer. After measure- 
ments of discharge are made at different gage heights, the discharge 
at any gage height can be estimated by plotting the measurements 
on cross-section paper, with discharges as abscissas and gage heights 
as ordinates, and then drawing a curve through the plotted points. 
A rating table is then prepared showing the discharge for various 
gage heights, the reliability of which depends on the accuracy of 
discharge measurements and gage readings, and also on the per- 
manency of the stream channeL Where gage readings are not 
available the discharge is, of course, unknown except at the time 
of the engineer's visit, when discharge measurements were made. 
Such measurements are called miscellaneous and should be used 
with care in estimating the flow at other times, because of the rapid 
fluctuation that is characteristic of the streams. As previously 
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mentiimfid, the records do not coyer the low-water season which occurs 
from the late fall until about the first of May. 

The head in feet obtainable at the various sites was determined 
either by aneroid barometer or from the following topographic maps: 

Controller Bay region, sculo 1:02,500, contour intorva! 50 feet . 
Chitina (recopnaiaaance), scaio 1:250,000, couiour interval 200 toct. Pubiiahed in 
Bulletin 374. 

Nirina district, scale 1:62,600, contour interval SO feet. Published in Bulletin 448. 

Yaldez Bay and vicinity, scale 1:62,500, contour interval 50 feet. 

Ellamar &nd vicinity, scale 1:62,500, contour inUT\-al 100 feet. 

Kenat Peninsula f rpconnalflsance), scale 1:250,000, contour interval 200 feet. 

Willow Creek diBtrict, scale 1:62,500, contour interval 100 feet. 

It was entirely beyond the scope of this reconnaissance^ to determine 
the capacity of the reservoir sites. I^tkes that might furnish natural 
storage were measured on existing maps wherever possibley and the 
areas of lakes situated in unsurveyed districts were estimated merely 
by inspection and, of course, statements based on such methods 
can be considered only roughly approximate. No attempt was 
made to estimate the capacity of reservoirs that would be created 
by the construction of dams. 

In the course of the reconnaissance the topography and rock forma- 
tion at the outlet of lakes and other basins where it might be desirable 
to create storage reservoirs were hastily examined with reference 
to the possibilities of constructing dams. Distances were measured 
by pacing where the sites were easily accessible; where not, they were 
estimated. Elevations were either determined by hand level, aneroid 
barometer, or by estimation. 

Statement of other physical features of the basins, such as forests, 
glaciers, general topogiapliy, and soil covering in this report, are 
based cither on field observations by the writers or on information 
obtained from reports and maps prepared by other members of tlie 
Survey. 

DEPnonON OF TERMS. 

The volume of water flowing in a stream — the "run-off'' or "dis- 
charge" — IS expressed in various terms, each of which has become 
associated with a certain dass of work. These terms may be divided 
into two groups — (1) those which represent a rate of flow, as second- 
feet, gaUons per minute, miner's inches, and discharge in second-feet 
per square mile, and (2) those which represent the actual quantity 
of water, as run-off in depth in inches and acre>f eet. The units used 
in this report are second-^feet, second-feet per square mile, run-off 
depth in inches and acre-feet. They may be defined as follows: 

"Second-foot" is an abbreviation for cubic foot per second and is 
the unit for the rate of discharge of water flowing in a stream I foot 
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wide, 1 foot deep, at a rate of 1 foot per second. It is genoraiiy used 
as a.fiHi(lameiital unit from which others are computed by the use 
of tho factfli^ ^iven in the following table of equivalents. 

"Socond-fei't per square mile" is the average number of cubic 
feet of water llim^g per sduiid from each square milo of area 
dj-aini'd, on tlic iissumption that tho run-off is distributed uniformly 
both as rcjzards time and area. 

'*Rini-oir, depth in inches/' is the depth to which the drainage area 
wouLl he eovered if ?dl tho water flowing from it in a given period 
were conserved and nnitormly distributed on the snrface. It is used 
for comparing ruu-ofi[ with rainfall, which is usually expressed in 
depth in inches. 

An * 'acre-foot" is equivalent to 43,560 cubic feet and is the quantity 
required to cover an acre to the depth of 1 foot. The term is com- 
monly used in connection with storage for irrigation work. 

In the tables, ' 'accuracy " sbowB the probable reliability of the 
record of the mean montldy flow. "A" indicating that the record 
is probably accurate within 5 per cent; *'B," within 10 percent; '*C," 
within 15 per cent; "D," within 25 per cent. Special conditions are 
covered by footnotes. 

CONVENIENT EQUIVALENTS, 

Hie following is a list of convenient equivalents for use in hydraulio 
computation: 

1 eecond-foot equals 40 CaUloraia miner 8 inches {ia,w of Mar. 23, lUOl). 
1 eecoud-foot equals 38.4 Colorado mincor's inches. 
1 aooond-foot «qua]a 40 Arisona miner'e inchea. 

1 aecond'foot equab 7.48 United Statee gaUona per second; equals 448.8 gallons p«r 
minute; equals 646,317 gallons per day. 

1 second foot for one year covers 1 ^qnaro milo ] .lf51 foot or 13.572 inches deep. 

1 f»econJ-fo<it for one year equals 31,53().<KM) cuMr feet. 

1 second-loot lor one day equals 8C,4O0 cubic ioet. 

1,000,000 United States gallons per day equals 1.55 second-feet. 

1 aci»-foot equals 325,850 gallons. 

1 loot equals 0.3048 meter. 

1 mile equals 1.60035 kilometers. 

1 milo equals 5,280 feet. 

1 acre equal?^ 43,560 square feet. 

1 acre equals 200 feet square, nearly. 

1 cubic foot of irater weighs 62.5 pounds. 

1 foot head of watw equals 0.434 pounds per square Indi prassute. 

1 hoisepower equals 650 foot-pounds per second. 

1 horsepower equals 746 watts. 

1 horfopower equals 1 second-foot falling 8.80 leet. 

1| horsepower equals about 1 kilowatt. 

_ , , , , ... Sec. -ft. X fJill iu feet ^ , ., 

To calculate water power quickly: g-g^ =net lioisepower on water 

wheel realising 70 per cent of theoretical power. 
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WATKU-POWEK KIGHTiS. 

Watcir-power sites on public lands in Alaska within the national 
forests are under the jurisdiction of the Department of Agriculture; 
those outside the national forests are under the jurisdiction of Uie 
Department of the Interior. An act of Congress approved Februaiy 
15| 1901 (31 Stat., 790), provides for permits for rights of way for 
power plants and transmission lines on the public lands. Regula- 
tions concerning the acquisition of rights of way under this act have 
been issued by both the above departments and can be obtained on 
application. On the ground of the inapplicability of general land 
laws to lands in Alaska, a question as to this act was submitted to the 
Department of Justice, and on June 29, 1915, the Attorney General 
decided that this act is applicable to Alaska. In national forests in 
Alaska it has been possible to provide for water-power development 
through special-use permits under the act of June 4, 1897 (30 Stat., 
11), which authorizes the Secretary of Agriculture to regulate the 
occupancy and me of national forests. 

It is believed that the only rights to the use of either land or water 
for the development of water power in Alaska have been acquired 
by special-use permits issued by the Secretary of Agriculture, by the 
posting of a notice of appropriation at the points of diversion and 
use, or by squatting. In the event of conflicting claims it is pre- 
sumed that &e relative rights of the claimants could be establudied 
in court. 

CUMATE. 
OBKSBAL CONDITIONS. 

The diversity of the climate of Alaska in its different parts and the 
consequent widely varying accounts thereof have given rise to much 
popular misconception. As a basis for the true conception it is neo> 
essary to comprehend the extent of the Territory and the many 
physical influences to which it is subject. The Territory (not includ- 
ing the Aleutian Islands) is limited in longitude by meridians 130° 
west and 168° west and in latitude by parallels 54° 40^ north and 
71° 30' north. Its southern shores are washed by the warm waters 
of the Pacific and its northern by the cold waters of the Arctic, which 
are open to navigation but a small part of the year. 

Meteorologic observations in Alaska were undertaken to a limited 
extent by the Kussians. Since the purchase of the Territory by the 
United States, observations have been made by the United States 
Army, the Signal Service, regular Weather Bureau observers, and 
voluntary observers under the supervision of the Weather Bureau and 
United States Geological Stirvey. As the T^tory has become more 
tfaiddy settled, the means for obtaining data have increased until at 
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the presmit time the reeults of a large amount of dimatio obserra- 
tions may bo found at the United States Weather Bureaui where most 
of the ongmal records are filed. Hie records prior to 1878 have been 
summarizod by Dall and Baker ^ and by C. A. Schott.* Abbe • has 
treated on the climat<) of Alaska in a comprehensive manner and has 
included the records from 1867 to tho end of 1902. Henshaw and 
Parker * have summarized the meteorologic data of Seward Peninsula 
to 1910 and the authors that of the Yukon-Tanana region to 1912. 

Abbo, in tho report to which reference is made above, divides 
Alaska into eight climatic provinces, as follows: Pacific coast, Ala,ska 
Peninsulrt, Aleutian Islands, Boring Sea islands, Arctic coast, tho 
interior, and tlio Copper River Plateau. The boundaries between 
these provinces do not seem cver^'whero well defined, and it is prob- 
able that as more infoniiutiuii becomos availablo the classification 
may need revision. The area treated in tliis report is included iu the 
Pacific roast and Copper Kiver Plat-eau provinces. Precipitation 
data iiiv also given for statioiLs on the Alaska Peninsula and the 
Aleutian Islands. 

The Pacific coast province comprises the area extending from 
Dixoii Entrance to Kodiuk Island and includes all ilie islands and the 
region h inii: between the ocean and the first range of mountain along 
the ( (Kist from Cross Sound to the begimiing of the .Uaska Peninsula. 
Data iii iiand seem to indicate that the so-called Copper Kiver l^lateau 
province comprises the area bounded on tho south by the Chngaeh 
Mountains and on the nortli hv tlie Alaska Ranfje and Nutzotin 
Mountains. Tlie boundaries of thiiso two provmccs are by no means 
closely delmod at all places. 

Tho stations for which chit a are given in this report are listed in the 
following table, together ^^ ith reference numbers by which they may 
l)e found on Plato I, their latitude and longitude, and tlio limiting 
datos and length of the record. 

1 Da!!. W. H.,and Baker, M., r .rinr Co i^t niot^CMstaildiltalldBOf AImIm, Appfllldizl,MM«OCOla|r 

and Bibllc^raitby, :id Mries, Washington, 1879. 

• 86bott, Charles A . , Tabid, dlstrfbutkni, and THrfatiana of tho atoMaptierie tampflratora in tiM Unltid 

States, *>rr.: F'mith.sonlan Contrib. Kriowl , vdI. 21, No. 277, yp. in, U. Ilm, Wa.-^hiiifrton, m6. TaMeatad 
raulta of tbe precipitalkui of nun and auow in the United States, etc.: Idem, vol. 24, No. 353, pp. 11, IIS, 
M aAftlm, Wadihifrtoii, IRSI. 
> Urook.<;, A. IT , f;. i.;T.ii»liy and Reolopy of.Maska: U. S. 0<'ol. .'Juney Prof Vnyn-T 15. pp. 133^200, 1901 
« Uanabaw, F. F., and Parker, G. L., U. 8. Gaol. Survey Water-Supply I'aper 314, pp. i:j-32, 1913. 

• EUnrordi, C. E., and DnTaoport, R. W., U, 8. Oaol. Sutray Watai^npply Paper 342, pp. IMI, 1U& 
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LoetttkmimdUngtho/neordo/WmUhaBttrmuMtat^^ 



5? 



2^ Tiiii xtihi, Hi 



o 


t 


• 




52 


15 


174 


15 


52 


12 


165 




56 


10 


13;j 




61 


47 


14.S 


.'W 


62 


35 


144 


41 


66 


20 


16»J 


3S 


61 


58 


14 a 


20 


fiO 


32 


145 


4') 


53 


53 


lot) 


32 


61 


05 


14(> 


20 


5S 


19 


134 


2^ 


«) 


17 


144 


32 


60 


32 


151 


lit 




21 


131 


3'.» 


57 


22 


131 


21< 


59 


23 


135 


54 


67 


48 


163 


25 


<S 


S6 


tsi 


38 


<S 


06 


131 


36 


00 


a 


146 


40 


u 


a 


168 


21 


m 


06 


1« 


TT 


57 


m 


135 


19 


60 


28 


136 


20 


60 


68 


149 


26 


61 


19 


145 


21 


61 


03 


15! 


U) 


57 


33 


157 


Mi 


61 


07 


14() 


u; 


55 


28 


132 


2U 



Length of record. 



I 



a 



.T 



d 

5 
21 
18 
27 
17 
IS 
28 
14 

8 
II 
33 

a 

7 
10 
24 
3 
1 
IS 
26 
19 
6 
9 
20 
16 
St 
25 
15 
4 
■» 



Atka Island. 

( Uder 

Chickaloon <,., 

Chistoohina. . ....... 

Coal Harbor. . 

Copper Cent^^r 

Corilov:i 

Dutch Harbor • 

Fort Liscuan 

Juneau. ............. 

Katalln 

Kenai 

KetchikaD. 

Kflltsnoo. 

Klack wiin.t. 

KodUk .^u 

Lortoc...... 

MettiSstWJ. 

NadMk...* 

Ni 
8«i 

Sitka 

Ska^way. 
Sunrise... 
Tiekel.... 
Tyonok. . 
URashik.. 
Valdei . . . 
WrangeU. 



May, 1879 

June. 18K? 

.\pril, 1908 

March, I'^IO 

Aimusl, I'.io^J 

DcccmlXT, IMW. 
Aii^riist. hm. . . 

OcuAwT, IV'... 
SoptomlKT^itrs. 
Janimrv. 1901.. , 

July, 1H81 

April, 1907 

November, 1882. 

June, 1902 

June, l'v'^1 

M;u-ch. I'.iOS 

AprU. 1S69 

March, 1904 

Novembtr, 1881 

May, 1883.. 

Aturast, 1881. . .. 
P«En]ar7,190e.. 

May, 1842 

January, 1883. .. 
October. 1903. . 

March, 1904 

N'ov('tiiN>r, IKUH, 
JaniKirv, I'vM . . 

June, J»t>J> 



.\upii>t , 1 W) 

.\linl, IW) 

Drt'. riiU'r. l',U3. 

-Vuxi; .1 . 1.'! 1 

OctoU-r, lit)7 

OclotxT, VXfJ... 
.Novcmfior, 1'J13 , 
DwTinbj'r, l'.»13.. 
DecfiiilKT, I'trJ.. 
Deceml>er, r.»13. 
November, 1913. 
8epteml)er,1908. 

March, 1908 

December. 1913., 
December, 1910. 
December, 1913. 
NoTflmber, 19U. 
November, 1913. 

July, 1894 , 

August, 1884.... 

July.i'JOS 

October, 1913.... 
I>ecember. 1913. 
Atigu-st, 1913.... 
November, 1913. 
Sei)t«'Uilier, 1907. 
April, V.m 

Tlf'O'ItllHT, 1 H>--i. 

1'.' . r:l . r. I'.tl3. 
J.uiuafy, i'.«Oy. . . 



3 
.3 
4 
0 
1 

12 
<J 
4 
H 

11 

12 
0 
9 
0 

16 
4 

12 
7 
2 
0 
2 
3 

42 
8 
7 
2 
6 
2 
4 

n 



14 
11 
l'( 
IS 
21 
34 
25 
74 

22 
96 
18 
36 
32 

111 
16 

140 
32 
» 
16 
85 
31 

123 
95 
36 
19 
44 
0 
3 
51 



o West except on BerlDC IMnd, lAldi Iks ootilito tiM 

ft Complete records, 
c Month.s of scaitered records. 

* Lies oatside ol the area mapped. . 

• Baooidi at Uditte nid UndMk* oooiblMd ondw InitA 

The longest record k that at Sitka, where obserrations were begun 
by the Russian Qoremment in Marchy 1842, and continued until 
October, 1867. The obaerratory was on the eastern end of the low, 
flat Japonski Island. The United States Government has continued 

the observations since October, 1867, with occasional lapses. 

In this report only those aspects of the chmate will be considered 
that bear directly on the water supply. Of those, precipitation and 
temperature and the agencies which they include are the most 
important. 

PREOIPITATZON. 



The discharge of streams depends primarily on precipitation, for 
all water on the earUi's surface originally fell as ram or snow. The 
inopoiiion of the rainfall which passes down the stream, and the 
sensttireness of the stream fluctuations to the effect of rainfall depend 
on other factors. The steep slopes and impervious soil of much of 
the r^on along the coast makes this sensitiveneBS unusually great, 
and a knowledge of the precipitation along the Alaska coast diere- 

97891* — vrw 873— Iff— ^ 
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fore becomes especially valuable in the absence of actual measure- 
ments or as an aid in inter])reting stream flow data already obtained. 

Most of the important data concerning the precipitation along the 
Alaska coast are summarized in the following tables, which show the 
mean monthly precipitation at the various stations, the monthly pre- 
cipitatioii at many of these stations since 1900, and the daily precipi- 
tation at representatiye stations for 1913. The annual precipitation 
at Sitka for the yean of complete record is shown graphically in 
figure 1, and the mean monthly precipitation at aU the stations is 




11 i I i i i § i i i 1 i I M 

FMmu l.->Dli«imni dmwlns mnMl pno^Ustlni at 8ltk», Atadn, 184S-ltt9. 

shown in figure 2. In all tht^e records snowfall is supposed to have 
been reduced to its equivalent rainfall. 

Mean monlftfy predpilatum at Weatiter Bureau stations in southern Alaska. 



Station. 



Atkik Inland 

lieritiK l^laiid 

Calder 

Chicka]oon 

ChlstfK liiiKi 

Coal Ilivrbor 

(■|)[>r>«'r Center 

(.'oraovii 

DuUh Harbor 

Fort Liscum 

Juneau 

KaUlla. 

Kenai 

Ketchikan 

Kfllisnoo 

KJuckwan 

KodJak. 

Lorine 

Metlakatte. 

Nuchek. 

Nuabasak 

Bfwiro.*** •••.«.. ■ 

SOXlTiBO.^ ••■•«••. > • 




Jan. 


Feb. 


Mar. 


Apr. 


Ifay. 


June. 


July. 


Aug. 


Sept. 


Oct- 


Nov. 


Dec. 




Q.Q6 


6.47 


5.22 


6.6() 


6. 55 


5.63 


5.28 


5.67 


9.02 


10.32 


11. .19 


7.77 


89.23 


.70 


L.W 


.91 


1.13 


.96 


i.r»9 


2. 46 


2.09 


2.50 


2.60 


2. 


1.62 


21.21 




6.59 


7.G3 


8.32 


5. .17 


4.14 


5.37 


6.38 


7.29 


16.99 


12.18 


17.18 


106.18 


.Hi 


2. 47 


.59 


.02 


.01 


,55 


1.92 


.61 


1.46 


.07 


.03 


.05 


8.62 


.16 


.27 


.39 


0 


.16 


1.07 


2.60 


1.82 


2.40 


1.61 


.26 


.92 


11.56 


3.72 


4.22 


3.61 


5.5») 


3. 46 


2.55 


3.31 


3.78 


4.74 


4.80 


5.21 


4.21 


49.27 


.57 


.46 


.17 


.07 


.39 


.m 


1.56 


1.12 


1.13 


.% 


.701 


.75 


8.74 


O.Ht. 


9.23 


8.82 


9.80 


9.84 


6.67 


6.30 


11.69 


19. 91 


20.21 


11.47 


13.97 


137.77 


U) 02 


6.81 


5.74 


5.80 


5. 42 




2.80 


3.2li 


7.70 


10.89 


8.74 


8.33 


79.11 


7.01 




6.00 


3.58 


4.12 


2. 45 


5.03 


7.83 


9.29 


9.06 


6.01 


8.36 


73.82 


(>. 41 


4.41 


4.69 


4.70 


5.31 


3.79 


4.75 


6.86 


10. 3(> 


9.88 


7.55 


7.00 


75. 74 


11.88 


3.94 


4.54 


7. 75 


6.30 


6.26 


11.30 


9.67 


15.36 


25. 62 


12.44 


11.48 


126.54 


.66 


.70 


.75 


.47 


.85 


.92 


2.31 


3. 61 


3.06 


2.03 


1.07 


.87 


17.29 


12. 48 


7.80 


12.00 


11.99 


6. en 


5.34 


8.98 


13. ai 


1 ) , .12 


24.80 


16.82 


19.36 


153.82 


4. 7.1 


2.14 


2.96 


3.00 


2.80 


2.19 


3.45 


4.21 


(1. K') 


7.71 


6.64 


5.12 


50.87 


1.2.1 


1.24 


1.32 


.55 


.73 


.89 


.68 


1.32| 


3,02 


3.60 


2.22 


2.64 


19.46 


:,. 09 


4.M 


3.n 


3.96 


5. 77 


4.45 


3.55 


4.00 


6.71 


7.23 


6.74 


6.76 


62.48 


S 26 


9. 97 


10. 


13.07 


8.67 


6.43 


7.54 


8.41 


17.08 


21.03 


20.94 


16.05 


147.46 


12 .vy 


10.48 


7.59 


6.83 


7.32 


3. 10 


6. 63 


8.12 


8.24 


15.78 


11.23 


14.61 


132.50 


27.07 


9.15 


18.02 


16.92 


18.02 


4.18 


0.03 


14.14 


22.96 


21.50 


10. 51 


16.81 


19QlU 


2.91 


1.15 


2.53 


1.42 


2.45 


2.10 


3.70 


4.50 


4.82 


1.93 


2.28 


1.20 


ZOl 


4.02 


3*84 


3.70 


3.53 


1.83 


2.66 


6.83 


7.18 


8.62 


7.54 


8.13 


m,n 


7.65 


6.58 


5.77 


5.54 


4.10 


3.40 


4.20 


7.06 


10.00 


11.84 


9.33 


8.78 


8141 


i.n 


2.01 


1.67 


i.ae 


.TO 


.04 


1.22 


1.65 


3.08 


4.8| 


4.10 


8.61 


97.86 


2.44 


2.70 


1.78 


2.74 


1.05 


1.04 


2.00 


2.96{ 


3.34 


4.67 


4.80 


4.21 


34.16 


1.S8 


.84 


.05 


.86 


.36 


.02 


3.37 


1.44 


1.11 


2:40 


8.U 


1.88 


18.01 


1.68 


.94 


.01 


.08 


.46 


1.06 


3.08 


5.04 


3.4S 


3.S 


1.26 


1.21 


23.21 


1.44 


.60 


1.04 


1.14 


1.80 


1.14 


2.90 


3.52 


5.q 


S.70 


1.42 


1.62 


24.44 


4.16 


0.01 


ft. 40 


2.21 


8.60 


1.76 


3.72 


4.32 


9.08 


5.69 


2.69 


H.99 


57.63 


&68 


S.II 


2.80 


4.11 


8.88 


«.» 


8.66 


2.07 


10.82 


8.02 


12.02 


10.41 
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lYear 



I 

1010 
i 1911 
I 1912 

I m3 

mo 
mi 

1904 

1905 
1900 
1»07 

mi 
im 

1903 
1904 

im 

IBM 

1007 
iWfi 
IMW 

19U2 
1903 
1904 

ItlOS 

leort 

1W7 
l»« 
1909 
1^10 
IQlt 
1912 
li>13 

1901 
«102 
1903 
1904 
1905 

]m> 

1907 
1006 
19<W 
1910 
1911 
1012 
1013 

lOOlS 
1907 
1908 
1900 
1910 
1911 
1012 

1901 
1902 
1903 
1904 
1005 
1906 
1007 
1008 
1000 
1010 
1911 
1012 
1013 

lObl 
1902 
1903 
1904 

190A 
1907 
1901 



Joo. 



8.35 
10.15 

5.25 
10. 40 



Feb. 



.Oo 



3.05 
6.54 

3.90 
2.00 

.1 
S.33 
5.(i5 
O.Ot 



• Oaj 
.67 
.2&1 
1.14 

'.45 
.70 
1.25 
.10 
.30 
.R3 

1(>. 1 
12.02 

ir.. 74 
ll.(«» 

8.20 
10 (.3 

3. a 

13.24 



(1.20 
3.00 
II. K5 
5.30 



2.47 



.02 

.20 

G.57 
4.U 
7.32 
.12 

Ci. 13 
2. 00 

4.4y 



.OS 
.22 
1.01 
.19 
.(^ 
.2' 



Mar. 



Apr. 



10.50 
9.70 
0 22 
3.3(1 
8. 45 

.03 
1.15 



Miiy. 



June. 



12.3.'i 5.00 2.77 



.m 
. \v\ 

i.ao 

5.34 
1.00 

.(/ 

1.20 
<>. 4' 
1.43 

4.a> 



0.20 17 

H.2.J, 3. 2,< 

ti. 25| !).(» 

10.30 S.43 



July. 



3..W' 5.U1 ti.25 lii.iV, IT.'.iA 



.02 
.02 



.01 
.01 



,48 



rr.| » 



4.77 

2.2»)| 

i.srti 
lH.y2 

tk 72 
1.<j7 



4.t>:") 
2.1.2 
4.21 
1.31 

1.02 

.as 



l.-}:t 
.24 
.27 

1.21 

li..".*. 
.<*■» 

8. 4K 
13. ()".♦ 



8.«» 
4.91 
10. 00 

2. t>8 

3.00 
8,7fi 
8.01 
5.30 

7.ae 

i. fW 
4.20 

9.40 
0.94 
10. 42 
6.80 

3. fi3 
12.53 

1.75 
Ifi. 5S 
2.20 
8.70 
1.08 
2.76 
4.36 

9.57 
12. 70 
11.31 



2.83 
4.35 
.48 



.04 

.20 
.m 

..10 
.05 



Tr. 
.24 

Tr. 



0 



.21 
.11 



hi, 91 

AO 



.72 
12 .')! 
.'.34 
2 1'. 

7. 1 A 



7..V) 
13.»,0 
12 21 

0 4* 
2. 4'.t 
4.80 

4.61 

10 . ."3 
5.12 

i 

. W 
1.28 
13. (i) 

5.73 

1 83 
10.14 

7.22 
2. .^)7 
0. 4.^1 
5. 11 
3 <W 
6.8.S 

ft. 32 
2. 0.'i 
7.20 



.lU 



IT 
.01 



Tr, 

Aft 
2.9« 
2.77 
1 . 83 
0.76j 
3.271 
4.,V.1| 

»;.47 

3.!ll 



0 
0 



J A) 

.n 

AS 
.13 
.3<i 
.13 

Tr. 

. IS 

. 1.'. 



.XI 

1. J(> 

2.21 

2. (>.:. 

l.Zi 
4.44 
1.01 

1 

:3. 

1 . .V, 



3. ■ 
2.(i.V 
3. 

1.42 

2.41 



Auk. 



Sept. 



(v».2 is.h:i: I.-,. 43 



xN'ov. 



IVc 



1.3m 
1. U 
..50 
l.Hi 
1.14 
.27 
,72, 
.4,H 
.211 
!.(» 



I 



i:i,:>.v . . 

0 ill 11 
7..'.1 .. 



3. OS 
1 .^,7 
8 88 



It. 18 

8.07 
1»',. 7<t 
3.08 

12. l!t 
2, <i.1 
1.85 
3.56 

2. % 

4 04 
8. 22 

4.711 
4.72 
10 
7. 171 

7.0 1' 
t., (H 

('..."kS 

.'..so 
o.sn 

4.27, 
0.1.8 

5 IS)' 

8, 19 

3. (K> 



.V 00 
. .Vi 
2 74 
6. MM 



5. 34 
1 4. 79 
4,02 



3.07 

2, 't: 
3.87 
3.95 
Z05 
6. 10 
S.74 

'J<"l 

2. 

3 S7 

1 ',41 

2.'.>«. 
■I . 2ft 

, SI' 

3. 

r. <'4 

2 I'.i 
.V(»s 

.SI 



I" 1 I. 1^.1 

r,. 21 ;'..s2 



8- 4-J 
20. '-^.J 

3. ti». 

fV s'i 

r. .\<\ 

3.6» 

4. % 
6.23 
5.74 
6w72 

1.45 

3 fW 

2. •J3 
. i.s 
7. iiL' 

1.;!', 



S, 74 

. 74 

11! 
1 27 
2. 67 
1.3& 

4.ia 



;i 1-.) 

I 7s 

2. 82 

l.t.4 
1. 7u 

,i. 

4. 22 
1.7.". 

3. I.s 

t.nj 

3 (is' 



n. 7» 

4.77, .VS.-, 

J.sOi 7.71t:2l.3'> "J.24 1 l.iV-, KM 

2. 7()' I'i.lKt lit ii.'i 12 , 'i.'. livSii, .s).>vj 

4.iU ;<..s»t; 21..V. |}.,s.-, |7.7.> lOM..'i»i 

'*.) 2i). 7.'. lv.'.ir> l.yt.it U4.M 
I 



I.17I. 

I 

.40 
ii.2i) 
1. IS 
2.21 

l.t.-i 
3.U,', 
3. '.4 
4.17 
3.30 
4.28 
4.90 



l,4(i 



2.(11 
3.11 



.07 



l.(.s 



.(tl 
. 50 



.05 



.20 

.75 
1.80 



2.07 

2. SI I 

:>. ss 

'k 2<t 

3, 7.j 
2.96 
S.42 
5.S4 



1.34! 



13.49 



11 

<.t7 
s:< 
4^ 

12: 



l.(\s 
I It. 

2. 1 I'.I 

^*) 
. t .. 

'i'.i 



1.2; 



7 . 4.'. 
4 7) 
2- WJ. 
2.07 
3. 03 
4.41 
5,81 



"I 



1.37 

. i\< 

1 . M 

. 73. 

1 '.H: 

.:!7| 



1 . s.-, 
3, 7', I 

1 . 

3.. 



in n. h, 
I ij 

I. 12! 12.001 



.1. 



1.2s 

2.(12 
1.71 
.481 

.07 
..S4 

I . :!.'. 

1 ! 

. Ill 
I iiJ 
. 71 





S.S7 


M.S>7 


(..S7 


1, 2() 


4.H.(H 


2. :>2 


1 . ( 


15.52 


2. S2 


L'.(X) 


:J6.74 


1*. 


4.64 


64.96 


3. ,V2 


2.87 





1.50 
,20 

.sol 

04 

. 'yj 

.■V) 

. Ill 

. 2(1 
31 
. t.."): 



3.") I 



8.63 

;«» 

37 

0.38 

0.40 

-tl 
11. (X. 
(I. 74 



2) 


71 


s 


112 








3.'. 


,v. 


1 1 


lit 


1 1 


Ill 


...... 


17 


7il 


1 ? 


21 


21 


n 




27 


7(1 


',1 


'ii 


1'' 


II," 




1 




■J-i 

17 


r. 1 

1 HH 


12 


si 




_»i 




1 i 


1( 


1 . 







1, .s.si,: I'.I. 17- U.Ml l .r.'.t 

7-.".il t-. .v.i \: 'ii I'.I. 7(t I., r 
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Daily precipitation, in inches, at variotts stations in south-central Alaska for 191S — 

Continued. 
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Daily precipitation, in inches, at variotu stations in south<entral Alaska for 191S— 

Continued. 
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The records vary widely and indicato somo very j)[ MnonnrtMl r)»ar- 
acteristies of areal distribution. The att st aniuial precipituiioii 
in the Territorv^ apparently occurs in the southern part of the iVlex- 
a IK I (T Archipelago, at Lorinp, Ketchikan, and Metlakatla, the average 
Ix ing 144 inches. To the iu»riii there is an evident decrease, for at 
Calder and Sitka the records are 106 inches and 84 inches, respec- 
tively. At KiUisnoo and Juneau, which are somewhat prottxted 
from oceanic influences, the records are 51 and 7B inches. At Skag- 
way and Kiukwan, which lie considerably inland from the open oceanj 
the averft«?e precipitation is 2.'^ inches. 

Tn tlic west the first point at which observations have b( on marie 
is Kjilaiia. The records there and at Nuchek and Cordova indicate 
anotlier region of remarkably heavy precipitation. The nmxinium 
is recorder! at Xuchek, but the record was so short that probably less 
reliance should be placed on it than on the longer records at KftfAll^. 
and C'onitjvii, of which the average is 182 inches. 

Fort Jjiscum and Valdez are at the upper end of Port Valdez and 
8omew))at protected from the ocean might be expe<'ted to receive less 
rainfall than places more exposed. At Fort Liscntu tlio record is 74 
inches, whereas across the bay it is 58 inches, a ratiier marked varia- 
tion for so short a distance 1 miles. The fact that Fort Liscnm is 
situated at the base of a steep mountain slope and Vnldez on a broad, 
low delta, \\ miles from the foot of the nearest mountain, account 
for the phenomenon. (See p. 80.) 

Marked differences in the precipitation at the different stations are 
found also on Kenai Peninsula. From vSeward, where the recorded 
precipitation is 59 niches, the amount decreaties to 34 inches at Sun- 
rise on the north, and to 17 inches at Kenai. Conditions similar to 
those at Kenni apparently prevail at Tyonek, which situated a few 
miles north of Kenai and across Cook Inlet, the mean annual precipi- 
tation at that point being 23 inches. 

The annual precipitation at Kodiak — 62 inches — is not very dif- 
ferent from that at wSeward. On the eastern shore of the Alaska 
Peninsula there is a record of 49 inches at Coal Harbor, but on the 
western coa.st a smaller precipitation is indicated by the records of 
24 and 31 inches at Ugashik and Xushagak, respectively. 

Farther west the precipitation apparently increases, for at Dutch 
Harbor the mean is 70 inches, and still farther west, at Atka Island, 
it is SO inches. Tiie most western station at whicli records have been 
ubtamed is Bering Island, where the mean is 21 inches. 

North of the Chugach Mountains there is a very marked decrease 
in rainfall. Tiekel, situated in the northern foothiil-N of tliese moun- 
tains, iiiib a record of IS inclies. At Chickaloon, Copper Center, and 
Chistochma condiUuiis of precipitation appear approximately the 
same, the average being 10 inches per year and indicating a region of 
low precipitation including a large part of the Chitina, upper Copper, 
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and Matanuska valleys. This do^ not mean, however, that the pre- 
cipitation oil the nioiintains iii this n ^n^u may not be much hig^Ar 
than that at the station affording the data. 

Neither the object <if tins paper nor the infoinuition at hmui justi- 
fies a verv^ comprehensive discussion of the met t'(»r<)]nory of llic rc<i:i()n, 
but it seems advisable to call attention to certain uiHiiences that 
prodnee the wide variation of precipitation in Alaska noted in the 
foregoing paragraphs. 

The cooling of air to the point at whicli the moist tiif' it carries is 
precipitated as rain or snow may be caused by various conditions, 
but the cause most active alonp the ^Uaska ( na>t is the passive of 
the relatively warm southerly winds, laden ueaily to the point of 
saturation with moisture that has been collected by evaporation 
from tlie Facilic Ocean, over the cool land areas. 

The exposure of the locality to the o( i an winds and its povsition 
with respect to surrounding topograpliit f( atures probably explain 
many of the variations in precipitation found in the coastal province. 
At the foot of a high, steep mountain side exposed to the iihusIuto- 
laden winds the rainfall will be heavier than at a ])\iico similarly 
situated on the leeward side, and it will also be greater than at a 
jilace exposed to the same winds but lacking the mountain back- 
ground, since the cool mountain air is very effective in j)re(!ipilatiiig 
the moisture. Thus an area that is protected from the prevailing 
winds by mountains, islands, or projections of mainland would 
receive less precipitation than an area not so protected. 

The great mountain systems lying across the coui'se of the jire- 
vaiUng winds also serve as effective obstructions to the passas:e of 
moisture to tho interior. The moisture-laden southwesterly air cur- 
rents passing up the mountain sides become increasingly cooler and 
continue to deposit their excess moisture, and at the summit their 
moisture content represents the capacity of the air at that tempera- 
ture. As they descend on the other side they usually enter a warmer 
refiion, and there tend to retain their moisture until they are cooled 
below t he temperature preyailing at the moimtain summit over which 
they have passed. 

This j)henomenon explains some of the peculiarities of the distri- 
bution through the year. The diagram, figure 2, shows clearly tliat 
along tlie coast, owing to the lowernig of the land temperature and 
to other pliysical causeii, precipitation is heaviest during September, 
October, November, and December. 

Across the Chugach Mountains thr aniuial rainfall is greatly rfMhiced 
and the period of heaviest rainfall apparently begins ui midsunuuer. 
In the interior ^ rainfall is heaviest in June, July, and August, the 
warmest season of the year, the reason being that the higher tem- 
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FiovKK 3.— Diagram showing monthly distribution of precipitation in southern Alaska. 
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peraturcs on the coast and at the momitam BnmmitB during the sum- 
mer allow the passing winds to carry more moisture into the interior. 

The effect of altitude on precipitation is undoubtedlj very pro* 
nounced in this regi<HL The evidences do not seem conclusive that 
the increase is continuous from the coast to the summits of the 
mountains, for the maximum precipitative effect of the land tem- 
perature acting on the warm sea air might be at some place below 
the summit. After the air has been unburdened of much of its 
moisture at the first mountain summits and has attained a more uni- 
form humidity, the tendency is toward increase in predpitation 
where the lower temperatures prevaiL I>ecrease in temperature and 
therefore increase in precipitation usually accompanies increase in 
ekvation. This fact has an important bearing on the water supply 
of some of the inland area. 

The effect of elevation on precipitation is well illustrated in the 
Cook Inlet country. At Kenai the mean annual precipitation is 17 
inches, at Tyonek 23 inches, and ut Ciiickaloon 9 inches. The last- 
named station lies within ilie region of low precipit-ation already 
noted. About 30 miles west of Chickaloon is the Craigic Creek drain- 
age area, most of whi( li lies at elevations between 2,000 and 4,000 feet, 
whereas the altitude of Chickaloon is about 000 feet. The run-off 
from Craigie Creek at tlie Gold Bullion mill is shown on page 145, and 
for the months of June, July, Aug^ist. and September the total is 
32.r)2 inches. The siz<» of the di'aiuage area has been very accurately 
dcicriiiiiied. Tlic s mm ii of 1913 was considered exceptionally dry 
througliout tlie Cook inlet country. 

A toj)o^raj)liic party of the United States Geoiogu al Survey, work- 
ing throughout the summer of 1913 at the head of the Susitna River 
on the south slope of the Alaska Range, noted some of the charac- 
teristics of precipitation in that area. The season was comparatively 
dry to July 10, but thereaft(T until September 1 it was estimated that 
rain and (of^ prevailed more than two-thirds of the time. The same 
period in the lower Susitna Valley and Ciok Inlet region was prac- 
Ucally rainless. Moreover the natives at the head of the Susitna 
were reported as saying tliat the season was not abnormally rainy. 
These comparisons indicate a large increase of precipitation with 
increase in altitude in tlie interior region during the summer. 

The maximum rainfall in '21 hours very rarely reaches 7 inches, but 
frequently exceeds li nwUct^ at the wettest places. The maximum is 
somewhat greater in tlw eastern part of the coast province than in 
the western, and it d<^c roiu4eii rapicUy toward the interior. At Copper 
Center a 24-hour rainfall in ciccess of 1 inch is very unusual. 

At some of the statioim in southeastern Alaska a rainfall in exoeas 
of one-hundredth of an ineh occurs on more than 200 days of the 
year* la the western part the number of rainy days decreases to 
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aboat 160. At the more inland areas, saeh as on Upper hynn Canal 
and the Cook Inlet region, the number of rainj days does not much 
eBoeed 90 per year. The average number of rainy days per year at 
Copper Center is 63. Thus the maximum rainfall in a 24-hour period 
and the number of rainy days in a year are seen to bear a well-defined 
relation to the quantity of annual rainfall. 

A study of the water supply of a region obviously involves the 
question of snowfall. The principal factors determining the amount 
of snowfall are the quaiitiiy of precipitation and the temperature at 
wliK h such precipitation occurs. Li southeastern ^Vlaska, l^ecause 
of the relatively high winter temperature, there is little snow at sea 
level, but at higher elevations it is very heavy. At Whit-e Pass the 
winter sno\v^all is about 25 to 30 feet, but on the Cliilkat summit it is 
said to he less than 4 feet. Farther west, owing to the lower winter 
temperature, the snowifall is lieavier. The total at Seward is reported 
as about 6 feet, at Valdez 12 feet, and at Cordova about 10 feet. At 
Tbunipson's Pass 15 feet is reported. These figures are approximate 
and vary considerably from year to year. 

On May 6, 1913, 5 feet of snow was mca.sured ou the extensive flat 
area hack of the town of Valdez. A few days later, on May 16, the 
depth on this flat had decreased to 2.5 feet, mth a water equivalent 
of 26 per cent. 

On May 9, 1913, a trench was observed which had been dug 
through the snow for a considerable distance alongaide of Solomon 
Gulch for the purpose of installing a pipe line for a hydroelectric 
development. The locality is on the south side of Port Valdez, 500 
or 600 feet above sea level. The snow at that time varied in depth 
from 6 to 18 feet and probably had been considerably greater earlier 
in the spring. 

The snowfall higher in the mountains is undoubtedly enormoust as 
is indicated by the early date at which the snow line conunenced to 
descend the mountain aide, and the faet that perennial anow and 
C^era are not uncommon. This heavy snowfall is of considerable 
practical significance in its effect on run-off| and also because of its 
tendency to produce great snowslides in the winter and especially in 
the spring when the masses of snow commence to thaw on the pre- 
cipitous mountain slopes. Owing to their wide prevalence they 
tlueaten the stability of any structure lying in their path and present 
a serious obstacle to mining, railroad, or water-power development. 

In the Kenai Valley at the elevaticm of Eenai Lake the annual 
snowfall is about 6 feet. On December 16, 1913, a depth of 4 feet 
was reported in this region as being an exceptionally heavy fall for 
that season. Farther north, in the regions of lower precipitation, the 
snowfall is less. The transition from coast to interior conditions is 
well UiuaLraLtid along the Copper River. Ou the Copper Kiver Flats 



80 



WATEE POWBB TS BOUTH-OBNTBAJL At Aawk, 



there ia a fall of 15 to 30 feet. The Copper River & Northwestern 
Railway has found the difficulty of keeping the track clear of snoir 
by their rotary plows much greater below the mouth of Tiekel River 
at mile 101 than above. At Ohitina there are 3 to 4 feet of snow, 
about 4 feet are reported at Kennioott, and 3 feet at Copper Center. 
On May 22, 1913, there was about 5 feet of snow at the delta of the 
Copper, with a gradual decrease northward until at Ghitma, 100 
miles to the north, the ground was bare up to an eleyatioa of over 
2,000 feet. 

The average depth of accumulated snow near Bliles CHacier during 
1907 and 1909 is shown in the following table. The observations 
were kept by the Copper River & Northwestern Railway during the 
construction of the road: 



Average depth of snow, in feft, near Milis Glacier Jor l9Cn-19(B. 



Day. 



1. 
3. 
%, 
4. 

5. 

«. 
7. 
8. 
9. 
10. 



1907. 



Oct. 



Nov, 



0.6 
.0 
.6 
.7 

1.0 

1.5 
1.8 
2.0 
2.0 
2.0 



Dec. 



3.2 
3.1 
3.1 
3.0 
3.0 

3.0 
3.0 
3.1 
3.3 
3.6 



Day. 



11. 
12. 
13. 
14. 

15. 

16. 
17. 
18. 
19. 



Oct. 



OlO 
.8 
1.1 
1.3 

1.5 
1.3 
1.2 
1.1 
1.0 



Nov. 



2.0 
2.0 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 



3.6 

3.8 
4.0 
4.0 
4.0 

4.0 

3.9 

3.9 
3.9 
3.9 



Day. 



21.. 
22.. 

23.. 
24.. 
2.5.. 

2«., 
27.. 
28.. 
29.. 
30.. 
31.. 



Oct. \ov. 



.9 

.8 
.7 
.6 
.5 

.5 
.4 
.3 
.3 
.5 
.6 



2.9 
2.5 
2.5 
2.5 
2,6 

2.fi 
3.0 
3,2 
3.2 
3,2 



Dec 



3.9 
4.0 
4.0 
4.1) 
4,0 

4.0 
4.0 
4.0 
4.0 
4.0 
49 



Day. 



IMS. 

1 , 

9 

3 

4 

h 

• 

7 

8 

« 

10 

II 

12 

13 

14.... 

15 

M 

17 

W..... 

19 

90 

91 

93 

93 

94 

95 

96 

37 

93 

93 

90 

» 





Feb. 


Har. 


Apr. 




4.3 


&0 


9.8 


0.1 


9.8 


4.8 


8.0 


9.3 


9.2 


9.7 


L9 


ao 


9.5 


0.3 


9.6 


<lO 


&o 


0.4 


0.4 




8.0 


8.0 


9.4 


9.8 


0.4 


6l4 


7.0 


0.9 


0.0 


0.9 


8.0 


7.9 


9.3 


9.6 


0.2 


6.7 


7.9 


0.3 


9.7 


9.0 


6.9 


8.0 


9.3 


9.8 


K7 


7.0 


8.1 


9.2 


9.9 


8.5 


7.1 


8.0 


9.1 


10. 1 


8.3 


7.1 


>. 0 


9. 1 


1(1. i 


8.1 


7.0 


8.2 


9.1 


la J 


7.7 


7.0 


8.5 


9.0 


10.7 


7..^ 


7.0 


9.0 


9.0 


ia9 


7.3 


7.0 


9. f 


9.0 


11.1 


7.0 


7.0 


10. 0 


9.0 


11.3 


a 7 


7.1 


lau 


9.0 


11.4 


6.5 


7.1 


10.0 


9.0 


11.5 


6.2 


7.2 


3.9 


8.9 


11.4 


6.0 


7.2 


9.9 


8.9 


11.3 


6.7 


7.2 


9.8 


8.0 


11.1 


6.4 


7.2 


9.8 


8.9 


11. n 


6.0 


7.3 


9.8 


9.0 


10. s 


4.7 


7.5 


9.7 


9.0 


lati 


4.5 


7.6 


9.7 


9.0 


ia3 


4.2 


7.7 


9.7 


9.0 


ia3 


3.H 


7.8 


9.6 


9.0 


10.0 


3.6 


7.9 


9.6 


9.0 


0.9 


3.3 


&0 




OlO 


OiB 


HO 


ao 




ai 




as 







June. 



2.6 
2.5 
2.3 
9.0 
1.7 

1.8 

1.4 

1.2 
1.0 
.8 

.6 

.5 

.3 
■_) 

0.0 



Oct. 



ao 

■7 



.2 
.3 
.7 
.7 
.1 

.1 
.2 
.1 
.1 
.1 
.1 



ai 
.1 

.9 
1.0 
L8 

L8 

1.7 
1.0 
.3 

ao 

0 
0 

.2 

Trace. 
Trace. 

Trace. 
Trsu-e. 
Trace. 
Trace. 

Trac«. 
Trace. 
Trace. 
Trace. 
Trace. 

.1 
.4 
.4 
.8 
.4 



a4 

.4 
.9 
.9 
.1 

.1 

.1 
.2 
.8 
.4 

.8 
.8 
.8 
.9 
.8 

.8 
,7 
.6 

.8 

1.2 

1,6 
1.6 
2.8 
3.6 
3.9 

10 
4.0 
4.0 
40 
40 
40 
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Average depth of tnow, in/eei, near Miles Glacier /or 1907-1909 — Continued. 





Jan. 


Feb. 


Mar. 


Aw. 


Majr. 


Oct. 


Nor. 


Dao* 






















4.0 


6.5 


6.9 


6.7 


3.9 


0.1 


Ol3 


0l3 




3.8 


6.5 


6.9 


6.6 


8.8 


.8 


.8 


.1 


1 


3 7 


6 5 


6 9 


6 5 


S 7 

IP* • 


ft 

.V 


A 






sift 


«.6 


ftio 


6.5 


6.6 


.6 


.6 


.0 




8.4 


6.5 


7.0 


6.4 


S.5 


.7 


.6 


1.1 




I.S 


fL5 


7.0 


OS 


3.4 


.7 


.6 


1.3 




S.0 


6.5 


7.0 


6.2 


3.3 


.7 


.6 


1.1 


9 




6 6 


7 0 


6 1 






A 


1 1 

t. A 


• 


2.7 


6.6 


7!o 


6!o 


3.1 


.6 


.6 


1.1 




2.5 


6.7 


7.0 


5.9 


3.0 


.5 


.5 


1.4 




2.4 


6.7 


7.0 


5.8 


2.9 


.3 


.5 


2.0 




2.2 


6.7 


7.0 


5.7 


2.7 


.2 


.4 


2.1 


13. 


2 1 


d 7 


7 0 


5 8 


2 A 


1 


. * 




u : 


2.0 


6.7 


7.0 


5.5 


2.5 


0 


.4 


1.6 


u 


1.8 


6.7 


7.0 


5.4 


2.3 


0 


.4 


1.5 


16 


2.0 


6.8 


6.9 


5.4 


2.2 


0 


.3 


1.4 




2.2 


6.8 


6.9 


5.3 


2.1 


0 


.3 


1.3 




mm V 


6. 8 


R 9 




1 0 


u 


.0 


1 1 


tt. 


3.0 


6.7 


6.9 


5.1 


1.8 


0 


.3 


1.1 




3.2 


ft. 7 


6.9 


5.0 


1.7 


0 


.3 


1.0 




3.4 


6, 7 


7.0 


4.9 


1.5 


0 


.3 


1.1 




3.6 


6.7 


7.0 


4.8 


1.3 


0 


.3 


1.2 




3.8 


6.7 


7.0 


4.7 


1.2 


0 




1.2 




4. a 


6.8 


7.0 


4.6 


1.0 


0 


.3 


1.2 




4.5 


6.8 


7.0 


4.5 


.9 


0 


.2 


1.2 




4.7 


6.9 


6.9 


4.4 


.7 


0 


.2 


1.2 




5.0 


fi.9 


6.9 


4.3 


.6 


0 


.2 


2.0 




5.3 


6.9 


6.9 


4.2 


.5 


0 


.2 


2.0 




5. a 




6.9 


4.1 


.3 


0 


.2 


1.9 




6.3 
6.S 




6.8 1 
6.0 


4.0 


.2 
0 


0 
0 


.2 


1.5 
1.3 


» 













Note.— Records furnished by the Copper River St Northwestflrn Railway. 



Maximum velocity of mnd, in mile* per hour, near Miles Glacier /or 1908-9. 
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Maximum velocity of xaind, in miU» per hour, near Miles Qhmer for 1908-9 — Contd. 



Day. 



1909. 

I 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



m. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


8«pt. 


Oct. 


Not. 




60 


72 


37 


0 


12 


25 


9 


(<•) 


10 


12 


20 


25 


an 




V) 


OA 


n 


on 


19 


o 
6 






JU 


50 


50 


50 


20 


12 


22 


8 




18 


21 


31 


43 


36 




37 


8 


20 


8 


10 




15 


45 


8 


80 


50 


GO 


30 


26 


8 


8 


9 




12 


40 


25 


75 


65 


65 


25 


36 


8 


17 


12 




18 


30 


29 


68 


60 


50 


30 


37 


10 


15 


20 




15 


34 


43 


62 


72 


55 


30 


20 


0 


15 


11 




7 


47 


38 


49 


72 


60 


60 


0 


10 


18 


12 




7 


32 


38 


45 


64 


60 


36 


0 


12 


15 


13 




12 


20 


33 


15 


60 


40 


50 


30 


20 


16 


8 




12 


12 


12 


5 










on 


17 






on 
M 




1A 
lO 


*l 


50 


70 


22 


31 


10 


8 


14 




35 


10 


4 


40 


51 


84 


24 


48 


8 


9 


12 




15 


12 


4 


37 


60 


72 




48 


0 


15 


13 




31 


28 


45 


37 


65 


66 


12 


24 


4 


16 


12 




12 


30 


65 


32 




ow 


0 


in 


ft 




to 




19 




uU 


£1 


70 


12 


20 


17 


10 


20 


8 




10 


60 


65 


27 


70 


36 


24 


0 


0 


10 


12 




14 


48 


54 


16 


71 


50 


23 


ao 


12 


8 


7 




24 


58 


47 


37 


70 


40 


35 


10 


20 


12 


12 




35 


50 


60 


20 


70 


60 


18 


24 


8 


14 


20 




36 


22 


00 


20 


60 


65 


50 


49 


8 


8 


12 




38 


25 


60 


21 


65 


34 


36 


12 


20 


18 


15 




31 


8 


67 


27 


30 


24 


24 


20 


15 


20 


13 




32 


5 


63 


20 


50 


36 


36 


10 


27 


15 


6 




30 


15 


67 


28 


60 


20 


17 


10 


8 


24 


5 




30 


30 


87 


30 


«5 


24 


40 


40 


12 


20 


10 




24 


30 


68 


38 


54 




12 


0 


20 


12 


15 




15 


25 


65 


30 


70 
72 




15 
0 


6 


20 
20 


10 


14 

8 




15 


17 
20 


47 


66 
66 



















« No records during August. 
Note.— Records furnished by the Copper River 4 Northwestern Railway. 

TEMPER ATUBE . 

Perhaps no meteorologic phenomenon in southern Alaska has a 
greater influence on the regimen of streams than temperature, for 
most of the streams head in glaciers or perennial snows, and on such 
streams the effect of temperature equals or exceeds that of rainfall. 
In the interior regions, where the temperature seldom goes above the 
freezing point for several montlis each winter, the run-off becomes 
entirely dependent on underground sources, whereas on the coast 
occasional periods of thawing weather augment the flow to an impor- 
tant extent. 

The temperature conditions at various representative stations in 
southern Alaska are summarized in the following table: 

Summary of temperature records at various Weather Bureau stations in southern Alaska. 

Copper Center. 





Jan. 


Feb. 


Mar. 


.\pr. 


May. 


Juno. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


An* 
dubL 


Maximum 


49 

-74 

-las 


49 

-65 
2.3 


49 

-48 
14.3 


64 
-26 
29.0 


80 
18 
44.1 


96 
22 
53.1 


87 
22 
55c4 


87 
20 
52.4 


80 
3 

42L9 


66 
-26 
27.7 


49 
-46 
4.6 


50 
-53 
3.3 






37.1 
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tanpenlwe reeordi at various WmtJier Btarmt 9iaHom in 

Continued. 





Jta. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Auk. 


Sept 


Oct. 


Nov. 


Dec. 


An- 
maL 




47 
2 

17. K 


5S 
i 

30.3 


61 
1 

31.6 


70 
15 

37,0 


72 
28 
44.8 


NO 
M 

50.9 


m 

56.2 


BO 
40 

5&4 


84 
31 

«l.7 


72 
26 
43.9 


00 
11 

33.2 


49 

5 
29.7 










88.9 


Port LIseam. 




«S 

-H 
aOL7 


-12 
21.8 


54 
- K 
26.1 


53 
2 

27.8 


71 
25 
41.8 


79 
30 
49. S 


S2 
32 
52.0 


80 
30 
50.1 


84 

17 

44.9 


57 
10 
35.8 


47 

0 

29.1 


45 

-13 
23.9 








Vma 


35.2 



Maxinmfll., 
Mlninuun.. 



50 


51 


61 


63 


SO 


84 


88 


82 


74 


68 


00 


ao 


-10 


- 4 


- 5 


13 


24 


31 


38 


36 


23 


20 


- 1 


1 




29. 2 


ru.7 


«1.0 


4S.4 


54.8 


5M. 1 


■c. i 


49.6 


43.6 


34.7 


31.9 



42.6 



millaiMO. 





52 


SO 


.« 


63 


76 


83 


8J 


SI 


69 


m I 65 


54 




- 7 


-10 


- 2 


15 


41 


31 


3H 


36 


27 


10 1 


1 




S7.4 


28.9 


32.8 


38.6 




51.3 


55.2 


54.4 




41.7 33.8 


31.1 



Kodlak. 



MaxLmuni ...... 








61 


74 


83 


82 


85 


77 


66 


:a 


61 




- H 


- i 


2 


5 


20 


30 


32 


34 


26 


16 


y 


-12 


Uma 


29.4 


22.7 


33. 7 


3&1 


43.4 


50.3 


54.1 


59.4 


40.9 


4L6 


29. t< 


das 



4a5 



47 


52 


63 


67 


93 


91 


87 


85 




r>" 


-20 


-23 


-10 


9 




32 


36 


35 


HO 


15 


2S.3 


aa.8 


34.0 


39. .'i 




53.0 


57,3 


57.1 


51.2 


43.9 



58 
6 
aOL4 



1 



54 
4 



as 



Maximum 

Mtiitinnin.«.«. 



43 


44 


49 


05 


75 


84 


83 


85 


84 


54 


49 


45 


-11 


-12 




10 


26 


32 


40 


33 


27 


11 


9 


-10 


19.0 


27.0 


31.3 


36.5 


43.5 


45.8 


54.1 


54.4 


48.7 


39.0 


31.1 


25. H 



9k% 



M.winiiim.... 
Mmimiim.... 
Mean 




56 


.W 


65 


70 


SO 


H4 


87 


S3 


80 


70 


60 


59 


- 4 


- 3 


- 1 


15 


28 


30 


34 


30 


28 


22 


1 


5 


31.7 


33.5 


3«.5 


41.3 


4d.7 


61.2 


54.7 


57.2 


51.8 


45.7 


38.0 


35l« 



47 


49 




H2 


<M 




'.12 


y» 






.Vi 




U21 


- 9 


-10 


9 


2'. 




a: 


■U 


2». 


12 


— 0 


- 4 


18.4 


2J.0 


■M). 2 


4^). (1 


rx ') 


y>. 0 


;>-\ 2 


54.3 


49L6 


4a8 


S1.2 


2ft. 9 



43.8 



97881"— wtii* 372—16 3 
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Summary of temperature record* at varwus Weather Bureau elatunu in noiUhcrn AUuka- 

Continued. 





Jsn. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Bept. 


Oct. 


Nov. 


Dec. 


An- 






r,i 


.V 


60 


78 


79 


76 


7« 


72 




51 

-1.5 


4K 




Uinimiim.. 


-29 


-27 




- 4 


23 


27 


34 


28 


17 


2 


-26 






10.4 


19.4 


24. » 


33.0 


43.1 


49.8 


&i.6| 


61. ft 


1 


:)4.i 


22.6 


17.7 


83.5 



Ma.\itniim. 
Minimum. 





49 


.W 


59 


71 


91 


R2 


:<■> 


79 


f.l 


47 


49 




-27 




- 9 


- 1 


22 


33 


38 




22 




- 3 


-21 


act 


11.5 


l-^.G 


25.3 


35.2 


45.2 


83.4 


57.0 


5.S.3 


4S.9 


30.2 


25.2 


IS.5 



Valdex. 





44 


47 


h2 


ai 


7S 


7St 


M 
37 


»4 


K2 


62 




j:> 






- 2 


-17 


- ft 


4 


IS 


30 


29 


12 


1 


- 6 




IfiBon 


19.2 


22.4 


26.7 


34.4 


43.5 


50.0 


53.9 


52.7 


47.8 




26.4 


22.3 


3S.S 



As would 1)0 cxpoct(Ml from its position north of the coast range, 
tho t^<*at<>st rant^o in iomperature occurs at Copper Center, whereas 
all the othor staf iuns aro within the Pacific coast province. At that 
point tlicro is a variation of 170°, running from a maximum of 06° in 
June to a mininium o{ —74" in Jumiarv. A mean annual tempera^ 
turoof 27.1 shows cli^nrly tho Hl^ovous cliniatic conditions. 

An interesting relHtion Ix'twin ii the coast stations is the narrow 
ran<^e in the mean annual trinjXMature. The extreme clifTerence is 
only 10.8°, the maximum of 4-3.8 occurring at Sitka and the mimmniri 
33.5 at Sunrise. 

Temperatures below zero huvo Ixmui rt^eorded at all the stations 
except Cordova, where 1 ° is the minimum. At that station the mini- 
mum j'early range of 85^ also occurs. The most uniform meaa 
monthly temperatures occur at Sitka, ranging from 31.7^ for Janu- 
ary to 57.2^ in August. 

CONTROLLER BAT REGION. 
' GSNEBAL PEATXTBSS. 

The Controller Bay region occupies an area about 500 square miles 
in extent, bounded by the Chugach Mountains on the north, Bering 
Glacier on the east, the Pacific Ocean to the south, and the Copper 
Biver delta on the west. 

The topographic features of the region are exceedingly Tariedi 
including southern spurs from the Chugach Mountains, isolated peaks 
to the south ranging in height from 1,000 to 3,000 feet, with inter- 
vening low swampy areas and numerous lakes. 
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Katalla, the post oflice and romm^rciai center of tho region, is on 
the north shore of Katalla Bay about 1 0 miles oast of Controller Bay. 
Supplies are lauded by small lauiu hes from oceaii-fjoiiio; vcsspIh, 
whirh anchor about half a mile from the sliore. Katalla is a proposed 
outlet for the Bering Kiver coal field which hes 20 to 30 miles north- 
east of the town.' 

Little information i*^ available regiirding; the eliniate of tins region, 
(See p. 15.) The average yearly precipitation probably exceeds 
100 inches and snowfidl is ratlier heavy. Thesmumers are cool and 
cloudy an»l the winters are nKnhM'ate. 

Spruce and hendock, iho ]>rinci])al tixH^s, gn)w in heavy stands and 
roach diameters of 2 to 3 feel. The bt^t timber c^rows along the 
focthills below an elevation of 1,()()0 feet. The Lmted States Forest 
Service estimates the stands on the Kaggcd Mountains and in 
the vicinity of Martin KivfM* and Bermg Lake at approximately 
2,iao,000,OUU foet board measure. 

MBASXmiNO FOI1IT8. 

Tht^ points ftt which discharge ni<Nisurements were made in 1913 
in the Controller Bay region are listed below. Records of daily 
flow are not available for streams in this rogioa. The numbers in the 
list correspond to numbers on Plate IL 

Meoiuring poinu m OmtnoKer Aqr region, IBIS. 

1. Bering River above Stillwater Creek. 

2. Cansroa Creek at mouth. 

3. Stillwater Creek 1 mile above mouth. 

4. Trout Creek one-fourth mile above moiidi. 

5. Clear Creek at Cuiinin<»haia'«camp. 

6. Clear Oceek near KataUa. 

BB&nrO &IVSB DRAINAOB BA8ZV. 

GBNE&AL F£ATUB£8. 

Bering River drains the eastern part of the ControUer Bay region, 
of which it is the principal stream. Its water is derived mainly 
from Bering Glacier, though Martin River Glacier contributea con-- 
fiiderable water through Canyon, Stillwater, and Shepherd creeks. 
As in most glacial streams the volume of dischaige bears little rela- > 
tion to the area of the drainage basin, which is indeterminate because 
of uncertainty as to how mudi of Beiing and Martin River glacien 
drains through Bering River. 

Bering River rises in First Berg Lake (see PL II), the first of a 
series of five lakes on the northeast mar^n of Bering Glacier. It flows 

*■ Tbe B«iiif River coal field Is describ«l by O. C. Martin, Oeotagy and mincnl resoure«s ol Ui« CoO' 
Mkr B«r fiagiOD, AlMka: V. 8. OmI. Burviy BuU. 335, pp. 99-112, 1W8. TiM CooMMr Ba^ oil M k 
'•KriM in tha MM boItatiB, p!p. lU-m 
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SOU lliwo.st ward hIjouI h;] niilos and pntors the northern part of Con- 
trollor Bay about 10 miles west of Katalla. The areas of the lakes 
from first to fifth are 2.2, 0.08, 0.27, 0.58, and 1.8 square mUes, re- 
spectively. These lakes have been described by Martin^ as follows: 

Marginal lakes. — The fivr B(»n; Lakes, situated on the mai^n of Beriii^ij Glacier, 
near tlie northr;u^t corner of the region undor (liseiiJ^Hiuu, presont some interesting 
features. These lakes are bordered on their landward sides by steep banks, which are 
in general barren of vegetation and which arc covered chiefly with glacial d6biiB. 
These banka extend to an elevation of about 1,000 feet above tide, or about 200 feet 
above the level of the lakes. They are cut and built into wcll-developed tenaoei^ 
which mark former stages in the elevation of the lakea. The lower terraces are en- 
tirely barren of veget^ition, but the upper ones have a scant growth ol graaB, herbi^ 
and small Inishes, which are only a few year^i old. 

The isurface of the four western lakes is known to bo at the same altitude (about 810 
feet in 1905), and I«^th Lake probably is at the same level. 

Iheee lakee are certainly connected by water duumels throt^ the crevasses of the 
glacis, and posaibly by open spaces under the ice. The surface of the ice is levd, 
except where it rests i^ainst the land on the points between the lakes. The identity 
in the altitude of the lake-^, the lovol .<iirfacp of the ice between the lake-, and the 
wa)i in which bergi< break off on the margin of First Lake show that this ami of the 
glacier is floating in one large lake, of which the five Berg Lakes are only open areaa. 
The surface of the glacier, after a gentle slope, descends in a low, crevasaed icefall to 
its floating level. 

The level of the lake is osdlhiting. The absence of vegetation on the k>wer tenacea 
'shows that it has fallen in recent years. In June, 1905, it was rising several inches per 

day. The outlet of the Inke, which is beneafli the Ik- at the end of the loiiy; ]M)int .south 
of Firet Lake, becomes choked with debris at irre'^nilar intervals. The water tht n risi;e 
imtil the pressure clears the outlet or till the water can flow on the surface around the 
end of the point, when the hike is emptied, causing severe floods in the valley of 
Bering River. 

The principal tribufcarios of Berinjj Rirer from the nort h aro Canyon, 
Stillwator, and Shepliord creeks. Gundil and Nichawak rivers ilow 
from Bering Glaeier through a low swampy country and enter Bering 
River from the oast below Bcri ner Lnke. 

Bering Lake, wliich lies about 5 mil«^s north of Controller Bay, 
covers an >h ( u of about 12 square niil(»s and is said to ])o very shallow. 
It is connected witli Bering River by severed eluiuuels, though most 
of the river water passes by withotit (Mitering the lake. The level of 
the lake is raised from 1 to 3 feet by tides. 

Bering River navigable for snudl launches during high and 
. medium stages as far as the mouth of Stillwater Creek, a distance of 
16 miles. It flows over a bed of glacial sand and silt with condtantly 
changing channels. 

First Berg Lake hcs at an elevation of about 800 feet. About 2 
miles below the lake, at an elevation of about 760 feet, the river 
commences to fall rapidly (see PI. Ill, A) and in a distance of less 
than a mile it drops over 600 feet. Fowet could be developed by 

tlfartln, O. c., 0«olagrf uidnlnwalrinBraiscf theOoolnte a«ol. Swfgr 

BidL asSk pp. lies. 
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A. FALLS ON BERING RIVER NEAR OUTLET OF FIRST BERG LAKE. 
Ic« cliff from Bering Glaclar in background. 




B. SOLOMON GULCH. MAY 9, 1913. 
Elevation, about 600 feet. 
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oanying water from First Berg Lake through Carbon Mountain to 
Canyon Creek yalley, where a head of about 650 feet could be 
obtained. A tunnel about 1 mile long would be required. It would 
not be possible to raise the level of the lake hy a dam because of the 
Racier which obstructs the outlet, but substorage could be obtained 
by placing the intake below the low-water level of the lake. Accord- 
ing to Martin the lake is subject to changes in level, due to obstruct- 
ing of the outlet by debris. He also states that it has fallen in recent 
years. 

Careful observations of the lake level should be taken at frequent 
intervals for a year or more before beginning the construction of a 
tunnel or other form of conduit to divert the water from the lake. 

On July 10, 1913, the lake was still frozen over from the previous 
winter. It is reported that it has been known to remain frozen 
throughout the summer. 

A measurement of Bering Biver made just above Stillwater Creek 
on July 11, 1913, gave a discharge of 3,950 second-feet. A simul- 
taneous measurement of Canyon Creek showed a discharge of 179 
second-feet. The inflow between Canyon Creek and the lake outlet 
appears to be rather small. It is believed that an estimate of 3,000 
second-feet discharge at the lake outlet on the above date is conserv- 
ative, though it is open to question because of the possibility that 
considerable inflow that could not be seen may reach the river below 
the lake. 

A flow of 3,000 second-feet under a head of 650 feet, would develop 
over 155,000 horsepower with an efficiency of 70 per cent at the wheel. 
The measurement was made in the season of maximum run-off, 
and as no winter records are available it is difficult to estimate the 
amount of power that could be developed during that season; but 
since with the head available (650 feet) over 5,000 horsepower could 
be produced for every 100 second-feet of discharge, it seems conserv- 
ative to predict, considering the feasibility of drawing on storage 
from the lakes, that at least from 5,000 to 10,000 horsepower could be 
produced throughout the year. 

OANTON OBBEK. 

Canyon CVeek rises in Murtin River Glacier, Hows soutliward a])out 
6 miles, and enters Bering River 6 miles below First Berg Lake. The 
creek falls 900 feet, thus having an average gratle of about 150 feet per 

mile. 

The first 3 miles of its course is through n iiiuTow, steep-Widled 
valley, which becomes wider with approach to Bering River and at 
the junction reaches a maximum of more than a mile. 

A measurement made July 11, 1913, gave a discharge of 179 
second-feet. 
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8TILLWATBB OBBBK. 



OEITERAL FEATT7BI8. 



StiUwater Creek rises in Kushtaka Lake, flows southeastward about 
4 miles, and enters Bering River about 2 J miles below Canyon 
Creek. Its total fall is approximately 60 feet. For the last mile 
of its course the cuirent is rendered very sluggish by backwater from 
Bering Kiver. 

Its principal tributari^ are Trout and Clear creeks, rloar-water 
streams that flow from Cunningham Ridge and eater from the north 
about 1 mile below Kushtaka Lake. 

Kushtaka Lake is nearly 4 miles in mnximum' length, trends north- 
eastrsouthwesti andeoTers an area of 4.7 square miles. Practically 
the entire inflow is from Kushtaka Glacier, which is a southern arm 
of Martin River Glacier. The lake acts as a settling basin, thus giving 
a much clearer outflow than the ordinary glacial stream. 

The level of the lake could be raised 20 to 30 (wt '\)y a dam of 
moderate longth, tluis obtaining a storage of 60,000 to 90,000 acre- 
feet. A fall of at least 35 feet bdow the nonnal lake level could be 
obtained by carrying the water in a pressure pipe for a distance of 
a})out. 1 mile. Under that head, with an efficiency of 70 per cent, 
about 275 horsepower could be realized at the wheel for every 100 
second-foet of discharge. The only data regarding the flow is one 
discharge measurement listed below. Considering the storage that 
could be created it is estimated that from 500 to 1,000 horsepower 
could be developed at minimum flow in the winter and from 1,000 to 
2,000 horsepower from May until October. 

The lake is confined by morainic material deposited by Martin 
River Glacier when at it^ inaximum extension. The nature of the 
foundation that could be obtained for a dam at tho oiitlet is unknown. 
The material at the surface resembles heavy glacial till. A sohd rock 
foundation might be obtained at a moderate depth. 



The f()llo^\4ng rniscelluncous measurements were made in StiUwater 
Creek drainage basin in 1913: 

MueeUaneatu meoiwemtntB in StUlwtUr Ctedt drainage harin in i91S, 



Date. 


Stmni. 


TrltatBiy to— 


Loedtty. 


July 11 

11 
11 




8tlUw«t«rCr««ic... 

do 


1 mile above mouth. .. . 
i mile above mouth... 
Cuniiiughom's camp. . 



Dis- 
charge. 


DraJn- 
ar«a. 


Dis- 
sQoye 


Second- 
feel. 
868 

1S.A 

S7 


Square 
tnilen. 




3.3 

G.3 


5.48 
6.87 
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KATAIiLA. BIVSB. 

Katalla River drains an area of .'^S square miles west of Bering Lake. 
It is about 8 miles long and flows in a southeasterly direction, enter- 
ing Katalla Bay at the town of Katalla. The valley is low and 
swampy and is more than a mile in average width. The headwaters 
are separated from Bering Lake by a divide less thaii 100 feet in ele- 
Tation. The natural railroad route from Katalla to the coal ficlil.-. 
lies up the KataUa River valley and over the diviile to Bering River. 

Clear Creek, the principal tributary of Katalla River, joins it from 
the north about a mile from Katalla. It is about 4 nnles long and 
drains an area of 7.5 square miles. It occupies a narrow, V-shaped 
valley and flows through a succcvssion o[ pools and rapids over a bod 
of gravel and bowlders, with a grade of about 150 feet per mile. 

The following measurement was made 1 mile ai)ove the mouth: 

July 13, 1914: Discharge, 151 second -loct; draini^ area, 6.8 square miloa; dia- 
chaige, per square mile, 22.1 secoud-feet. 

WATBB-POVBB 8ITB8. 

Tlic principal water-power sit(« in the Controller Bay region are on 
Bering River at the outlet of First Borg Lake (p. .30). and on Still- 
water Crock at Kushtaka Lake outlet (p. 38). Some of the smaller 
streams might furnish a few hundred horsepower for 5 or 6 months 
in the year, but it is doubtful wlicthcr storage could he j^rovided for 
the development of more than very small power in the winter. 

The only market that can be foreseen for tli»'>e powers is the energy 
that will eventually be re(|uired in connection w ith llie mining of the 
coal beds of the area. Coal of good (juality wiil then be available at 
comparatively low cost, and the poorer qualities unsuited for (lu^ open 
market will offer a fuel for local power development so cheap that 
water power will have to be produced in the most economical man- 
ner to become a successful competitor. 

COFFER RIVER DRAINAGE BASIK. 

GENERAL FEATXJBES. 

The Copper River drainage basin occupies an area comprising about 
23,000 square miles in the southeastern part of the main body of 
Alaska. It may be divided into four physiographic divisions — ^the 
Cbugach Mountains on the south, the Wrangell Mountains on the 
east, the Alaska Range to the north, and the Copper River Plateau to 
the west. 

The topography of the basin is of the most varied character. The 
Wrangell Mountains, occupying the northeastern section, form the 
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most conspicuous feature. They have been described by Moffit and 
Oapps * as foUoire: 

The Wrangell Mountains, although a more or len dJjrtinct group, meige into the St. 
BImb Range on the Boutheaat and are not there ahaiply defined from them. They are 
limited on the aoatii and west and partly on the norUi by the valleys o! Chitina and 

Copper rivers, and arc prpnratod from the Nutzotin Mmmtainfl on the northeast hy a 
depression extending from the licad oi Copper River to the head of White River. The 
group trends in a northweat-BOUthcast direction and it£i length is approximately duuhle 
ite iridth. Its greatest diameter is about 100 miles. Hadf a doaen or more peaks ot 
nnvfloal beauty and sue, ranging in hdght bom 12,000 to 16,200 feet^ rise above the 
nigged anow-eovered mass about them, and from one of these, Blount Wrangell, the 
group received its name. The Wrangell Mountains were formed by the eroeion of a 
great mviss of Tertian,' and Recent lavas piled up on an ohh^r surfare of ver\' consider- 
able relief and having ita greatest development in thelieighborliood ui Mount Wrangell 
and Mount Saniord. The eoutheafitem limit of thcae younger flows is probably 8ome> 
where in the vicinity of Skolai Pass and Ghitistone Biva, although it is possible that 
they may extend still farther to the east. Thus the Wrangell Mountains consist ooncn- 
tially of lava flows and are distinct in their origin from the other mountains about them, 
all of which are made up principally of deformed sedimentary beds. 

The most prominent smnmitB are Mount Sanford (16,208 feet), 
Mount Blackburn (16,140 feet), Mount Wrangell (14,005 feet), 
Mount Begal (13,400 feet), and Mount Drum (12,000 feet). 

The range is coyexed ivith a connected system of gLacieis whose 
tentade-like anns spread out from the Taritfus peaks and reach down 
at numerous points to elevations of 2,000 to 4,000 feet, from which 
flow many important streams. Eennicott Glacier terminates at 
an elevation of about 1,500 feet, the lowest eleyation reached by any 
of the ice sheets draining to Uie CShitina River or the Copper above 
the CShitina. 

The Copper River Plateau has been described by Brooks * as fol- 
lows: 

A broad gmvel and silt floored basin stretches north from the inland eiope oi the 
Chugach Mountains to the foothills of the Aladca Range. It is bounded on the east 

hy the Wrangell Mountains and the Copper River, and extends westward to the 
Sut^itna biu^in by a depreF?»<*d area lyin^' bctwpon Talkeetna Motmtains and the Alutka 
Ran^'e. The b:i^in has a mouoUuious lack of relief which controFt^ ftrongly with 
the rugged moimuirm encircling it. [See PI. IV, A, p. 37.] At the «^>arpment on ita 
eeetem margin wbsre it UOb off to the Copper River it stands about 2,000 feet above 
sea level, but it rises gently to the west to an altitude of about 3,000 feet at the divide. 
This topographic feature is, in feet, a plateau huilt up lunrcly of Pleiatocone depoeits, 
deeply diasected ii<-ar its luun^iriF anrl railed the "Copper River Plateau," by Mondcn- 
hall,' who w^ the tir>'t lo den ribe it. While it is Ti?iuilly an almost unbroken plain, 
it is varied in places by hills and small groups of mountains and is dotted with bmali 
lakes. 



1 Moffit, F. H., and Capps, S. R., Qtoiagy and miMtal cwouimb of the Ntaina distriot, Alaska: U. 8. 

Geol. Survey Bull. 448, p. 10, 1911. 
> Drooks, A n .( r«OKra|ilij and geology of Alaska: U.S. Geol. Survey Prof. Papor 45, p. M, 1908. 
* Mendenhall, W. C, A reconnAissanrf> frnm Kesuxnctionfia7(OtiieTsaaiia&itr«r,AlMlaK U.S.Q«ol» 

Survey Twentieth Ann. Rept.,pt. 7, p. 2v7, 1900. 
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Hm Ooppor Riwr PlatMii Um aHMy within the FKific mountyn lyifeenit and 

thou^ of low relief iaclodos three important watersheds. It9 oartwn drainage falls 
into the Copp^T. its weetem into the Su^itna and Mataail8ka» and a snudl ttTM in the 

north dniin:> to the Tanaoa through the Delta River. 

Within tbe jdatean region the Copper River and its tributaries 
have cut deep ehaunels varying from a few fivt up to 500 or 600 
feet below the general plateau level. (See PI. IV, A, p. 37.) Hie 
foimation is made up liogely of sand^ gravel, and day, and it is not 
likely tliat many solid rock canyons occur except possibly near the 
headwaters of the stream flowing from the Wrangell Mountains. 

Oopper River risea in Copper Glacier on the north slope of Wrangell 
Ifbuntain and enters the Pacific about 150 miles Cm ftA ftiir line) south. 
Mount Sanford (elevation ld»208 feet), the highest peak of the 
Wrangell Range, lies about 10 miles to the west of the Copper Glacier 
outlet. Kabesna Glacier, situated about 30 miles farUxer east, is 
one of the sources of the Tanana River. Copper River flows in a 
northerly direction for about 40 miles to its junction with the Slana, 
a large taributaiy from the north. Batsnilnetas is situated at the 
mouti^ of Tanada Creek, 10 miles above the Slana. After receiving 
the Slana, the Copper makes a right-angle turn to the west, grad- 
ually bending to the south, and then, bearing toward the east, it is 
joined from the oast by its largest branch, the Chitina, about 150 
milee below its head. - It has then nearly encircled the western end 
of the Wrangell Mountains. The town of Chitina is on the west 
side of the Copper opposite l^e mouth of the CSiitina River. 

Below Chitina the Copper enters the Chugach Range and thence to 
its mouth its flood plain reaches to steep mountain slopes on either 
side, broken only by some of its larger branches from the east and 
west, whidi, heavily laden with facial sand and gravel, have built 
up teiraces at their mouths. (See PI. IV, B.) Between Chitina and 
Tasnuna rivers the flood plain is seldom over a mile in width and 
averages mudi less than that. At Wood Canyon, beginning about 6 
miles beSow Chitina, the river passes between narrow rock walla for 
about 3 miles. At several points the canyon is of the ''box? type, 
with nearly vertical sides rising 50 feet or more above the water 
SDif a4^. This canyon offers probably the most natural site for power 
development on Copper River. Below the Tasnuna the valley floor 
widens and for much of the remainder of its course to the delta is 
1 to 4 miles wide. 

Abercrombie Rapids are situated along the northern part of the 
tenninal moraine horn Miles Glacier. It is estimated that in a dis- 
tance ol about 2.5 miles the river falls through a height of about 40 
feet. The rapids were probably formed by the former encroachment 
of the f^Uat upon the river channel. The carrying power of the 
tiver above the glader was thereby decreased, and heavy deposits 



Digitized by Google 



42 WATEB FOWBB IK SOUTH-OBHTBAL ALASKA. 



of gjflcial sediment were laid down, f onning a lower 8treun>gradient 
for several milee above. When the glacier began to recede it left 
large bodies of heavy tiUi throng which the river is now slowly 
cutting its way. The river has been pushed well over toward the 
west side of the valley and hugs the base of steep rocky slopes for 
the first 2 miles of the rapids. It then makes a nearly ri^^t^an^e 
turn to the east and about one-half mile farther on enters an expanded 
section of the liver at the base of Miles Glacier, known as Miles 
Glacier Lake. 

Abercrombie Kapids offer the fundamental requirements for the 
development of power, a large volume of water and a concentrated 
falL The economic value of a water power, however, depends on 
the market for the power and the cost of df^velopmont, Tlit> lutter 
factor alone would pn)bably put Ihis site out of the class tlmt would 
be economically feasible at the present time and probably far into 
the future. The principal difficulty would be the construction of 
a diversion dam. A rock foundation probably could not be obtained 
at a reasonable depth. The east end of the dam would be in a high 
glacial monune whit h is probably imderlain with ice. (See PL 
V, A.) The track of the Copper River & Northwestern Railway 
follows the west bank of the river past the rapids. To carry water 
from the head of the rapids to a power house at the foot, nearly 
2 miles of timnel would have to be built through the xock slope on 
the west side of the river in order to avoid the railway track. Tlio 
eastern slope, whicl i is flanked by the moraine, would offer a distiiK tiy 
unstable foundation for a oonduit even though the water could be 
successfully diverted. 

Copper River carries large quantities of frazil during October and 
November when it is freezing. In the spring, beginning about the 
first of May, the break-up occurs, during which time there is an im* 
mense flow rf heavy cakes of ice that woidd be difficult to pass over 
a dam. The large quantities of glacial d6bris that are carried by the 
river would also present a serious problem if power development 
shoTild be imdertaken. 

Twenty-five miles below the Slana Copper River is joined by Chisto- 
china River, which rises in the Alaska Range on the south slope of 
Mount Kimball and flows south about 50 miles. Here Copper River 
emerges from the valley between the Alaska Range and the WrangeD 
Mountains and flows along the eastern mar^ of the Copper River 
Plateau until it approaches the Qntina. Between the Chistochina 
and the Chitina the principal tributaries of the Copper in downstream 
order firom the north and west are the Oakona, Gulkana, Tazlina, 
Khitina, and Tonsina rivers; from the east it receives the Sanford, 
Klawasi, Nadina, Dadina, Chetaslina, Cheshnina, and Kotsina mm, * 
which drain the westward slope of the Wrangell Moimtains. 
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A. COPPER RIVER, LOOKING DOWNSTREAM TO HEAD OF ABERCROMBIE RAPlOS. 
Mowin* from Mil«s Glacier on the left. Copper River & Northwestern Railway follows right bank. 




B. VIEW UP COPPER RIVER. MILES GLACIER IN THE BACKGROUND. 
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Bdow Qutina the principal tributarice are TasnunA and Tiekd 
rivers from the west and the Bn^mner from tho cast. 

The delta begins about 10 miles below Miles Glacier^ 30 miles from 
salt water. Alaganik Slough, the weeteiiimost channel, enters salt 
water about 12 miles southeast of Oordoya. Eastward many channels 
leach the ocean for a distance of oyer 20 miles. 

'"Die lower coune of the Copper seems once to haye been a wide 
embayment reaching back into liie Ghugach Mountains, but this has 
been fiUed in by yast (fuantitieB of sediment brought down by the 
riyer, and the broad delta is the result of their deposition."* 

Nearly all the tributaries of the Copper head in glaciers and carry 
heavy deposits of glacial silt (see table, p. 46), particularly during 
the wanner months, when they are e6pecia]]y actiye. Only two "liye 
^aders — Miks and Childs — reach the main riyer. They are situated 
about 80 miles from salt water. Miles Glacier is on the east bank just 
aboye the crossing of the Copper Riyer & Northwestern Railway 
(see Fl. V, B), and Childs Glader is just below on the opposite side. 
Luge quantities of ice break from the face of these glaciers into the 
river during warm weather. Childs Glacier appears the more actiye 
of the two. Each presents a face of about 2 miles along the riyer's 
edge, in some places rising yerticaUy more than 300 feet above the 
wat^s surface. 

Before the construction of the Copper Riyer & Northwestern Rail- 
way from Cordoya to Chitina and Kennioott small boats were used 
quite extensiyely on tiie Copper and some of its larger tributaries, 
and light-draft steamboats have navigated from the Tasnuna to 
Copper Center and from Chitina to the Nizina Riyer on the Chitina. 
Since the railroad has been in operation little boating has been done 
on the Capper, and the construction of roads and traik and a fuller 
faundedge of the tributary areas has lessened the adyantage of using 
the minor stream for boating. 

Copper Riyer rises at an deyation of about 3,600 feet, making an 
average gradient of about 12 feet per mile. From Copper Center to 
the ocean there is a total fall of 1,000 feet, giving a mean fall in that 
distanm of about 6.7 feet per mile. 

JONSBAIi aSSOTJBCES. 

The principal mineral resources of the Copper Riyer basin are copper 
and gold. The most important copper deposits are those of the Kot- 
8ina<3iitina'belt, extending along southern sl()]>i> of the Wrangell 

^Bdumitr, F. and Spenoer, A. C, Q«olog7 and mineral resources of a portioa of the Coppw &lw 
dbIrM, AJtikK XJ. B. 0«ol. Surrey specbl reports on Alasto, p. 37, ml. 

Tirscribed by Mofflt, ¥. H., and M^uMnMi, A. G., Mim ril i >■ >urc«s of the Kotsina-ChfUtia rrgion, 
Alaska; U.S. a«ol.8iinr»yBalL374,i9-4^HB, 1906; Momt,F. lL,aQdCapj»,S.U.«Ci«(ilQKy«ndsUD«na 
iwawifif til•NkflMdl^lrie^ AlMlw U. 8. a«oL Survqr BiiU. pp. 7747, ini. 6m tbo HMt, 
r. B., Mta^lB caaiDft Vtlkgr. U. S. Qwt Surrv BiiU. pp. lUll 
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MbimtauiB from Kotsina River to the headwaters of Nizina Riw. 
Considerable devebprnent work has been done on several vems, but 
the only pioductive mine is the Eennicott-Bonanza,^ near the eastern 
end of the belt, about 200 miles from Ck>rdovai at the teiminal of the 
G>pper River & NoiilLWesteni Railway. 

Qold-bearing quartz veins have been discovered in the McKmley 
Lake district near Alaganik;* near mile 100 along the Copper River 
Rfulroad; at several localities in the headwaters of Tiekel River; on 
the south slope of the WrangeU Mountains near Strelna; and at several 
points in the Nizina River basin. Considerable development work 
has been done on these veinsi but no mines have yet reached a pro- 
ductive stage. 

Two important gold placer districts, the Chistochina * and Nizina/ 
occur in Uie Copper River basin. Ptomising placer deposits have 
recently been discovered on headwater tributaries of die Tazlina 
River. Racer gold has also been discovered on the Bremner* and 
Tiekel rivers. 

TI1CBE&. 

The following description of the timber resources of the Copper 
Rirer basin, by Alfred H. Brooks, is taken from the report of the 
Alaska Railroad Commiasion:* 

Timber, — ^The lowkuida stietchUkg eastward from Cordova to tho Copper Kiver 
Delta are in part timbered. Ttmber is not very abimdaat and eccuxs in iaolated 
tracts. The lan^st t tcob in thispart of the district are not over 2 or 3 feet in diameter. 

The forests are cliielly of ppmce and hemlock, and timber extends to an altitude of 
about 3,000 feet, but that uwful for commercial purpoeos is chiefly in the lowland.' 
There is no timber between the Copper Kiver Delta and the ujouih of the Tiekcl. 
The only exception ia aomc ecrub spruce at a few localitiee and a growth of et anted 
Cottonwood which occius on some of the islands in the river and adjacent flats. 

Above the Tiekel spruce timber occurs qMuingly akmg the lower slopes of the 
valley, but thero isnone of it of any value until the mouth of the Chitina isapiKroached. 
There ia some excellent timber along the wc^t side of the Copper River near Chitina 
where trees up to 2 feet in (liam«'L«.'r oc< ur. A small growth is foiirul at various places 
along tho Copper Kiver and ita tributaritw, but this heavy timber all occurs in the 
valley bottoms of the Isxger streams. The aggregate areas of good forest is bbmU. 
The eo-called Copper River Plateau, which stretches northward from the coast range 
to the foot of the Alaska Kange, is covered with stunted spruce, togelher with some 
white bir( li and cottonwood. On the slopes of the \ alleys li travcrBe this region 
some belter s})ruce timber is found but occurs only in small (juantif ien. Fairly gix>d 
timber occurs along the eoutheru foothills of the Alaaka Kange, where trees from 12 
to 18 inches in diameter are found. * * * 

I See Moffit and Moddren, op. cit.j pp. 80-86. 

• Cbapin, Theodore, TheMcKlntoy Lakedbtrlet: U. B. OooL Bvgwtj Bull. &42. pp. 78-80, ItlS. 

• UofSt, F. H.,HMdwater nsiani of OuUoBa ssd Soritna rlws, Aleaka: U. 8. GmL SarfSf BaU. ^ 

pp. 7(^, loia. 

< M(Mt and (^pps, op. cit., pp. 100-108. 

» Mofflt, F. H., The Taral and Bremner River districts: U. 8. Oeol. Survey Bull. pp.tB-10i, ISUfc 
Th© Honagita-Brenmer region, Alaska: U. S. Oeol. Survey Bull. 576, pp. 43-19, 1914. 

• Report of Alaska Railroad Commission, G2d Cong., 3<i soss., H. Doc. 1346, p. 74, 1913. 

' Those stands in the vicinity of Eyak Lake and Iliver uid Sheridan GlacJtr mi^ipnndnMrtilf Wttaslld 
bjr tlM Forat fi«vlM to ooatsta * total or 4» k> fi36 milU« fefli UMTd OM^^ 
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Frum C'hitmaeastward the Keiinitottoxteimiuu ui the railway traverses a gravel bench 
rtMiding 300 to 500 feet ebove the river level, and thia U coveted with a omiler type 
of vegetetioa to that of the Copper River FlaieMi. Hie tzeee ere moBtl^ Kitiited «ad 
ha»e.]M> value except for hiel. There are flome patchea of good timber in the river 
bottooiB along the lAkina and other etreamo. 

OAOXHO STATIONS AND XBASimiNG POINTS. 

The points at whicli f^agfiiig stations were maintained or discharge 
measurements made in 1913, in the Copper River basin, are listed in 
the following table. Thd numbers correspond to those used on 
Plate VI. 

Oagmg ftofion* and rneaturing pointt in Copper River hatin in 191S. 

1. Copper Bi^er near Copper Oenteir. 

2. Copper Blver at lOlee OlaoieT. 

3. Klntina RiTer at Copper Ceater. 

4. Kotsina River near mouth. 

5. Xizina River abovp KnnTn'*"<itt River. 

6. Dan Creek above hyilrauiic plant. 

7. White Creek above Jolly Gulch. 
3. Cadtitu Ctwk below Rex Cteek. 
9. Rex Creek above hydraulic plant. 

10. McCarthy Crwk above Nikolai Creek. 

11. McCarthy Chreek near McCarthy. 

12. liakina River at railroad rroaging. 

13. Gilahina River at railroad crossing. 

14. Oiokoona River at railroad cieesbg. 

15. Kuflialaiia River at railroad croising. 
13. Strdna Greek at railroad crossing. 

17. Tnna River below Ptarmigan Creek. 

18. Tsina River at mouth. 

19. Tiekel River at mouth. * 

50. Ptarmigan Credc at upper canyon. 

51. Ptanntgan Creek at lower canyon. 

22. Stuart Creek at mouth. 

23. Kanata River at mouth. 

NoTF.~ Bh)ckrfK9Ml type indicates rtfular pcing statiom; l|0it>lko6d tff poinii of mitetllumm 

BaasureoiMits. 

COPPBB BVrm NBAB COPFBB CBNTBB. 

A temporary gage was installed on Copper River at the Indian 
School about li miles above. Copper Center June 18, 1913. 

Two readings of stage and one of turbidity were taken each day from 
June 18 to November 30. No means were available for making dis- 
chai]ge measurements, but it would be possible to stretch a li|^t cable 
aeiMs the river at Copper Center in holding in place a boat from which 
Bonndings and velocity measurements could be made. On St pt ( mber 
27 f 1913, the river at the suggested measuring section was 330 feet 
wide, and a measurement made by dropping floats across the section 
at intervals of 25 feet gave a mean surface velocity of 6.43 feet per 
Beoond. 
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Daily gage height, in feet, of Copper River near Copper Center /at 1908, 

(Chas. W. U. Ueideman, observer.] 



May. 



lUM. 



Inly. 



Aug. 



Day. 



Jnly. 



Am. 



1 

3. 
S, 
4, 
5, 

6, 
», 
8, 
9. 
10. 

11. 
12. 
»< 
14. 
15. 



aio 
&o 
xo 

• 4.1 
4.9 

6.0 
4L1 

• 4.3 

.8 
.8 
.8 
.« 



8.S 
4.0 
4.4 
4.7 
4.3 

8.5 
8.7 
8.8 
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8.3 

8.3 
3.1 
3.0 
8.5 
8.6 
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&1 
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4.8 
4.8 

18 
4.7 
4.6 
4.7 
4.9 

&3 
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5.4 
5.2 
&0 



&6 
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4.0 
4.0 
4.0 

4.0 
4.0 
8.8 
3.7 
8.6 

8.8 
S.3 
.8.3 
3.8 
3.3 
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17. 
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10. 



31. 
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3t. 
35. 

36. 
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&2 
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5.0 
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X6 
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5.0 

flLl 
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&2 
5^1 

&1 
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&2 
&1 
&0 



6.2 
&.0 
4.9 
4.9 
&1 

5.1 
5.0 
5.0 
&0 
5.0 

3.7 
3.6 
3.8 
3.8 
3.5 
3.5 



8.1 
3.0 

to 

3.0 
1.0 

3.1 
3.2 
3.3 
3.2 
8.3 

3.0 
2.9 
3.0 
3.3 
3.5 



«t«*JmiiBedb0iovrfMg»froiDlfay4tolO. leawMtoutl m. IbyJOi 

No«.— It««MKbtafnl«iied by Mr. B«ld6iiMn, who tras b dhaigs ol Ui« Ooveniiiunt exiMdnuiit farm. 
Th« exact locatioQ of tb« gage is not known butiraB t>rol>^l7DwUM0fieinstaa«clin 1913. loawvt 
oat May 5, 1907. 

/)at/j/ yo^e heighl,in/eet, and turbidity, in parts per miUionf<^o/ Copper River mar Copper 

Cenier, Alaeta, in 19/5. 

[L. A. Jonee, obsen-er.] 
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COPFB& BIVB& AT MILBS OLACIEB. 

Gage-height records were kept on Copper River by the Ck)pper 
River & Northwestern Hnilway Co. from 1907 to 1910. The exact 
location of the gage is not known, but it was probably near the site 
of the bridge constructed during that period between Childs and 
Miles glaciers, 49 miles from Cordova aiul about 40 miles from the 
Pacific Ocean. (See PL V, B.) The datum plane of the gage was at 
an elevation equal to mean low-tido lovel at Cordova. To reduce the 
follownng gage heights that were taken at that point to theu* actual 
elevation above the datum plane, add 100 feet. • Readings taken after 
about tho 1st of November of each year may have been affected by 
ice, but no definite information is available regarding such conditions. 
No discharge measurements were made previous to 1913. It is not 
thought advisable to estimate discharges for 1907-1910 because of 
uncertainties regarding changes in channel since that period. 

On Jime 29, 1913, a chain gage was installed by the Geological 
Survey on the railroad bridge on the guard timber on the upstream 
side of the center panel of the third span from the east bank. The 
gage datum was S5.3 feet below the base of the rails, or 93 feet above 
mean low-tide level at Cordova. 

Dischaige measurements were made from the upstream side of the 
bridge. 

The channel at the bridge is composed of gravel and bowlders and 
is believed to be fairly permanent. Tlie control for the section at the 
bridge is not well defined and the gage heights ma>^ have been affected 
at times by the action of ice breaking from the face of Childs Glacier, 
which would not only tend to contract tho sortinTi and back up the 
water but also might change the condition of the bed of the river at 
tiie control. 



Duifltnrfji i/N-nsun m, nta of Copper Rirrr ut Mtles Glacier in /'// ?. 
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WATER POWER IN SOUTH-CENTRAL ALASKA. 



Z)o% goge height, in feetf of Copper Rwet at liilee Oheierfor 1907-1910. 

[A. O. JoiuLsun, ybborvtr. Kecords funiLsbed by the Copper Ri^-er & Northwestern Kaiiway.) 
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50 WATEB POWEB IN BOUTH-CBNTBAL ALASKA* 

DoQn gaffe hei^ infiU, and di$dmffet in mocmi/eet, o/ Copper River at Mike QkeUr 



[DrainaReam, n^squavBinUw, Andrtir Bedc, obMnrcr.] 
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NoTK.— Discharge detarmiiMd Irom a rating curve based on two diacharge measureiiMais; may be 15 

KLUTIUA BlVKJUt BA8IV. 



OBNEBAL FBATUBBS. 

Tlie Klutina River basin comprises an area of approximately 1,040 
square miles, bounded on the north and west by the Tazlina River 
ba.siii and on the east by that of the Tonsina. TIxe area to the south 
drains into Port Valdez. 

Klutiiia River rises in Klutina Glacier on the north slope of the 
Chugach Mountains, flows northeastward and joins Copper River at 
Copper Cculci. About 15 miles below its source it enters Klutina 
Luke, and thence to its mouth, a distance of about 25 miles, it passes 
first through a rc^on of mountains .3,000 to 4,000 feet high and then 
through the Copper River riatcuu, in which its valley is incised 
between steep gravel walls to a depth of 400 to 500 feet. (See PI. 
VII, A.) In its lower course througli the plateau, a distance of about 
13 miles, it faUs 400 feet. 
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Klutinn Lake is about 22 miles long, 4 miles in maximum width, 
51 square miles in area. Much of the water of the river is derived 
from glaciers, but the lake acts as a settling basin and at its mouth 
the river is comparatively clear for a glacial stream. It carries only 
the finer material and shows little evidence of its glaci^J ongin. Tlie 
lake also regulates the fl<nv of the river (see fig. 3), preventing ex- 
tremely liigh rates of run-oii" during the summer, when the glaciers 
and snowbanks in the mountains are melting rapidly, and sudden 
decrease in flow in the faU when the glaciers become 1^ productive. 

Klutina Glacier is a northern arm of Valdez Glacier. In 1898 the 
Elutina VaUey was the route of travel for many arold seekers on their 
way to the interior of Alaska and the Klondike region. Tlio trail 
started from Valdez and followed the Valdez Glacier to the summit 
nf the range and then down the Klutina Glacier to Klutina Kiver, 
whose valley it followed to Copper Center. The following year tlie 
military trail was built over Thompson Pass and the Elutina route 
abamloned. 

arge of 1,050 feet on October 31, 1913, which was prob- 
ably th(^ minimum since the beginning of tlio open season in May 
would be siifBcient to produce about 80 hoi^( {)ower for each foot of 
fall with, an eihciencj of 70 per cent at the wheel. 

KLUTINA BITES AT OOPPBB CKNTSR. 

A gaging station was establislied June 17, 1913, at the crossmg of 
the Gk>Tenunent wagon road, and gage readings were taken, night and 
morning each day until October 31, when ice rendered gage readings 
.valueless as an indication of the discharge. The river flows in two 
dannels at the road crossing. A vertical staff gage was installed on 
a pier of each bridge. Readings from the gage in the left or main 
channel were used in estimating the entire flow, as that channel seemed 
to be more pennanent than the right, which shifted considerably. 



Di^fhnrge fiuiuiui-fnu ntj of Klutina River at Copper Center, in 1913, 
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WAXSE POWER IN SOUIH-CSKTBAL at arka, 



DiUl^f gafft height, in/eett o/Kluiina River at Copper Center /or 1908. 
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KOTSmA BIVS& BASIN. 

Kotaina Kiver heads in laige glaciers on the-southweBtem dope of 
file WrangeU MountainSi between Euskulana and Cbeenina riveiB, 
It follows a very irregular course with a general southeasterly trend, 
is about 40 miles long, and joins CSopper Biver from the east just 
aboye the mouth of the Chitina. The basin ooyers an area of 447 
square miles. Its topographio features, like those of most of the 
tributaries of the upper Copper Biver, are exceedingly diverse. The 
upper 20 miles of its valley lies between high ru^^ed mountains. 
Its course below the mountain is through the southeastern comer of 
the Copper Biver Plateau, in whidi it has cut a deep cany<»i, in 
some places through hard rock, in others through gravel and con- 
^merate. 

Hirough the summer the river carries a large volume of water with 
the usual amount of dfibris that would be e3q[»ected of a stream whose 
source is mainly from gJacierB. Peacock, Bearing, Bock, Copper, 
and Elliott eredcs are the principal tributaries from the south and 
east. They are all without (facial source except one minor glacier 
near the head of Bock Creek. The Great Northern Development Co. 
has installed a hydroelectric plant of 17 kflowatts capacity on Bearing 
Gbeek for use in the development of copper properties. Bearing 
Greek drains an area of 10.1 square miles. There is said to be a good 
site for a onall water-power plant on Peacock Creek. It drains an 
area of 6.3 square miles. From the topographic map Elliott Creek 
flhowB a fall of 1,000 feet in the lower 2 miles of its course. It is 8 
miles long snd drains an area of 16.0 square miles. From the north 
the tributaries of the Eotsina nearly all have glacial origin. Eluvesna 
Chsek, one of the largest of the northern branches, heads in Eluvesna 
C&acier. Falls Creek, a tributary of the Eluvesna, has a heavy grade 
and is said to offer a good opportunity for the development of water 
power in the summer. 

No daily records of flow in the Eotsina basin have been kept by the 
Survey. 

A measurement was made near the mouth of the Eotsina, as f oUows : 

Kovember 9, 1913: Discharge, 200 second /eet; drainage area, 447 equare miles; 
discharge per equate mile, 0.45 second-foot. 

GHIXINA BlVSa BAAZV. 
OBNSSAL FBATUBXS. 

Chitina River, the largest tributary of Copper River, drains an area 
of 6,260 square miles. It rises in the St. Elias Range near the inter- 
national boundary and flows northwestward for more than 100 miles 
to the Copper. It occupies a broad valley of gravel deposits, through 
which it hM cut a deep trench in the lower fiO or 60 miles of its course. 
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Near the mouth of the Nizina the vjUley attains a width of nearly 15 
mUos. Below that })oint the valley iij somewhat narrower and 13 
bi uk( II ])y many small isolated peaks and rolling liilk. 

Alach of the valley is imperfectly drained, and depre&sions resulting 
from glacial action are filled with wator, forming many lakes and 
ponds and considerable areas of swamp land. The flood plain of the 
river is a mUe or more in width at many places and shows all the 
characteristics of a plain formofl by glacial strofini. 

The most important tributaries of the Chitma are from llie iiort h aiid 
emanate principally from the south slope of the Wrftnrrell Moimtaias; 
in order downstream they are Nizina, Lakina, Gilahma, and Kus- 
kulana rivers. From the south the main affluents are the Tana, 
Chakuia, and Tebay rivers, wliich rise in the Chugach Mountains. 

Tana River heads in Tana Glacier, a lonn; westward arm of the 
massive ice sheet that surrounds Mount St. Elias and that eastward 
drains into the Alsek River in Yukon Territory. Tebay River, which 
joins the Chitina about 20 miles above the Copper, drains the Hanagita 
Valley and reoeiyes through its more southerly branches the dis- 
charge from a few minor glaciers. Between the Hanagita Valley and 
the Chitina^ a distance of about 6 miles, the Tebay falls over 1,000 
feet. There are several lakes in the headwatero which might pos- 
sibly be made to afford considerable storage. 

The flow of the streams during the summer depends largely on the 
melting of the glaciers, and in so far as that factor prevails the varia- 
tions bear a direct relation to the temperature. The precipitation 
at the lower leveb is rather low, probably not exceeding 18 inches 
per year, with only a moderate snowfall. At the higjher leveb the 
precipitation is beHeved to be much greater. Deep snow banks re> 
maSning late into the summer help keep up the flow on many of the 
streams. Summer rains can not be depended on, but they occasion- 
ally cause high water and, when accompanied by warm winds, are 
likely to cause excessive floods. The winter flow depends almcst 
entirely on underground sources, Biany of the smaller streams are 
said to go dry for several months, whereas others draining much 
smaller basins maintain a considerable flow throughout the winter, 
^e differenoe being due to the character of the underlying foimatioDs 
on which the circulation of water and its escape to tiie surface depend. 
The geology of the northem pcfftton of the Chitina basin is outlined 
by Moffit and Maddren ^ as follows: 

Both sedimentary and igneous locka ure cucuuiitered. Four principal formatioDfli 
including the itnniiiniiid TrinBic flhaka md limaitanew, occupy moit of the area and 
appoir dioiigliottt its length fnm eoet to weet. These foimations, in order fkom 
oldeit to TouBgest} ate the Nikolai greenstone, the Ghitiatone linMstone, the Triadic 

* Mofflt, F. II., and MoaUreu, A. O., Mineral rflsonroes of Uie Kotsinft-ChlUDa re^iou, Ala&ka: U. & 
QmI. Bam^ M. a74» 19QS. 
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limestonee and ahales, and the Kennicott formation. The rocks have been folded and 
ivUted, but the metemofiihifln ia not grant. It ia moot noticeable in the greenstone 
but haa hanlly allected the Keanioott fonaation. 

Tlio limestone, because of its solubility, should offer fayorable 
conditions for underground storage, and the folded and faulted con- 
dition of the greenstones and shales is also favorable for underground 
storage and circulation of deop-seated waters. The foregoing state- 
ments are at best only general and should not be construed to. mean 
that a large wnUor run-off would be the rule. Any statement of 
stream-flow conditions in this northern latitude is hardly worth con- 
aidering unless based ou actual observation. 

NIZINA BIYBB BASDf. 

0£NX&AL FEATTTBSS. 

Nizina Riyer, the largest branch of the Chitina, heads in Nizina 
Glacier, flows southward about 16 miles to a point near the mouth 
of Dan Creek, where it takes an easterly course, which it follows for 
abont 22 miles to its imion with the Chitina. It drains an area of 
1 ,240 square miles and is nearly as laige as the Chitina at their junc- 
tion. 

For the first 20 miles of its course it flows over a gravel flood plain 
from one-half to 2 miles wide, bordered by steep-sloped mounUuns 
6,000 to 8,000 feet in height. At low water it follows one or more 
oonatantly shifting channels. At medium stage the number of 
increases, and finaUy at flood height the entire flood plain 
becomes covered from bank to bank with swift^flowing, muddy water 
eanying large quantities of sand and grayel. Below Young Greek the 
bordering mountains are separated by a wider valley in which the 
river has cut a deep trench through the gravel and shale formations; 
finally, for the last 2 or 3 miles of its course, the river flows between 
walls of soUd rock, forming a box canyon for much of the distance. 
Small boats have been taken down Uirough the canyon but always 
with considerable danger. The river has an average grade of about 
30 feet per mile. Several thousand horsepower could be developed 
during the summer months by constructing a dam at the canyon, 
but probably the difficulties and expense of passing the immense 
quantities of sand and gravel that would be brought down against a 
dam would be so great as to render such a project impracticable. 

CSiitistone River rises in Russell Glacier near Skolai Pass, about 36 
wSkes northeast from its confluence with the Nizina. Its course lies 
in a narrow valley with steep^oped mountains 8,000 to 9,000 feet 
hi^ on either side. It is reported timt in some sections it paasea 
through narrow, rock-walled canyons for short distances. 

Dan and Chititu creeks are small streams that enter the Nizina from 
the southeast about 6 miles and 8 miles, lespeetiveliy, below Chitistone 
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River. They flow past important gold placer cltuins, and their waters 
are particulai]> valuable for hydraulic mining. The btisin of Dan 
Creek comprises 42 square miles and that of Chititu Creek 27 square 
miles. 

Young Creek, which enters the Nizina nhout 1 mile below Chititu 
Creek, is about 30 miles loner and drains an area of 104 squaro mil(*s. 
Its lower course parallels tliat of Chititu Creek, about which its head- 
waters turn, interlocking^: with tiioso of Dan Creek, Neither Dan, 
Chititu, nor Yonnp; crook roceivos iriuch, if any, pilaciai water. They 
carry large quantilios of silt from the shale formation in which they 
have cut their channels, besides much gravel and sand from the 
overlying formation. 

Keimicott River carries the flow from Kennicott Glacier to the 
Nizina River, a distance of about 4 miles. It is subjf < t to extreme 
floods, usually one or more each year, which are caused by the 
cloggin^^ of the subglacial channels that open up with an immense 
flow aft(r enough water has accumulated to produce sufficient 
pressure to f orce out the obstniction. The flood dischaige eometimes 
lasts several days. 

McCarthy Creek (PI. VII, B, p. 50) rises in small glacii^rs on the 
south slope of the Wrangell Mountains and for about 13 mile** flows 
southward, paralleling Kenmcott Gbiricr, wliick lies 3 to 4 milos to 
the west. The d!vidiM<]: ndge is a soutiiern spur from the Wrano;ell 
Mountains and r:u:rr(>s from 6,000 to 7,000 feet m hcir^ht. McCarthy 
Creek then graduaily bends toward the west, and for the last 3 miles 
flows about nortliwest. Its total length is about 20 mUes, and it 
enters Ken!ii« ott liivor at the town of McCarthy. The basin com- 
prisf^ 72 Ri 1 11 are miles. The prmcipal tributaries are from the east 
and are the East Fork and Nikolai Oeek, which enter about 10 miles 
and 12 miles, respectively, below the head. Below the East Fork the 
stream flows betwee[i iiigh gravel banks, meeting hero and there ledges 
of shnio and porphyry tlirough which it has rut its way, forming 
small canyons. About 3 miles from its mouth, as it enters the valley 
of the Kcnnicott, the iiood plam broadens and avera<^es nearly one- 
fourth of a mile in width. McCarthy Creek has u rather uniform 
grade of about 100 feet per mile. Considcrnble power could be de- 
veloped from about the middle of May until the middle of October; 
for the remainder of the year extreme cold greatly reduces the flow 
(see fig. 3) and causes exccssivo format ion of ice. Water could be 
diverted to a flume or pressure pipe and carried do^ra the valley imtil 
a sufficient bond could bo obtained. A pressiu*o pipe would probably 
be cheaper in the long run than a flume. A pipe lino could be cheaply 
laid along the valley bottom without much danger from high water. 
The valley slopes are composed largely of steep gravel banks that 
would olter rather unstable support for a flume. The only ^g'^^rir^g 
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difficulty that would be encountered would be the deigning of head- 
works that would effectively divert the water into a flume or pipe hne 
and at the same time withstand the effect of flood pressures and pre- 
vent the entrance of sand and gravel into the ( ( u uluiL. On October 12, 
1913, tliere was a discharge of 3 7 second-feet, which it is |)r<jbahly safe 
to assume was the minimum flow sinc^ the beginning of the open sea- 
son in May. That amount of water wouhl produce nearly 300 iiorse- 
power for every hundred feet of fail, witii an efficiency of 70 per cent 
at the wheel. 

Miscellaneous measurements were made at several points m the 
Nizina Kiver basin in 1913, and a regular gaging station was estab- 
lished on McCarthy Creek near its mouth. 

This station was established June 8, 1913. The gago is a vertical 
staff on the right bank of the creek about three-quarters of a mile 
above the mouth. 

Measurements were made from a car and cable at high water and by 
wading at low and nifdniin st^ii^es. 

The bed of thr sIk nm is ( Qiii posed of sand, gravel, and bowlders. 
The control at the giige did not change appreciably during 1913 and is 
behoved to be fairly permanent except durmg iiood stages, when 
radical changes might lukc [ilace. 

This station was estabhsliod and recorUs were obtained m cooper- 
ation with the Kennicott Mines Co. 
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Daily gage heightf in/eet, and dxtcharge^ in $eeond-/€et, of McCarthy Creek near McCarthy 
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UCBLLAnOini MBASUBSKIVTS. 

The foUowing table shows the results of miscellaneous discharge 
measuremeats made in the Nizina River hasin in 1913: 



MitedbmeofUM mMtuvmenU in Nwina Rwer drwmge hainn in 191S. 
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LAXINA BIYBB BASIN. 

QtSJSCSSJLL FSATU&ES. 

Lakina River, the fiist important tributary of Chitina River below 
the Nizina, rises in smsU glaciers between Kennicott Glacier on the . 
east, Kuskulana Glacier on the north, and Oflahina River on the 
west. Castle Peak (elevation 10,514) is the highest point in the 
basin. The topography of the headwaters is ru^ed, but ihe basin 
does not extend as far north as die axis of the Wrangell Range. 
The river carries less glacial debris than the Nizina or the Kuskulana. 
The summer flow is probably derived to a considerable extent from 
melting snow in the higher peaks and depends on glacial flow to a 
less extent than any of the northern tributaries of the Chitina except 
the Gilahina. 

One of the best stands of spruce in the Chitina basin is found 
along the banks of the Lakina as it leaves the mountains and starts 
across the Chitina Valley. The trees are not large, probably but few 
are over 18 indies in diuneter, but they are said to be of fair quality. 
A small portable sawmill was in operation near the railroad crossing 
during the summer of 1913. The lumber was used largely for build- 
ing at McCarthy. At the present rate of consumption the supply 
large enough for saw logs will become exhausted in a few seasons. 

The Laldna is about 28 miles long, and its average grade b 70 feet 
per mile. There are no natural dam sites or storage sites so far as 
known on the river, but considerable power could be developed for 
about six months in the year by canyiug the water along the side of 
the valley, either in an open conduit or a pipe, until sufficient head 
was obtained. On October 31, 1913, there was a discharge of 09 
second-feet at the railroad crossing, which was probably tJbe mini- 
mum flow since the beginning of the open season in May. lliaii 
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amount of water would produce 787 horsepower per 100 feet of fall 
with ail efficiofH y of 70 per cent at the wheel. The relatively small 
amount of st Inncnt carried by the river makes it more desirable for 
powi r development than many streams that in other respects are 
superior. 

A gage was installed on the creek near the railroad crossmg on 
June 9, 1913, but no daily readings were obtained. 

nffliTifiAaaom MXAiumBMTi. 

Tlie results of miscellnncous discharge measuremeuts made in the 
Lakma liiver basin are shown in the following table; 



MiaeeUaneovu nmnmnenlt in Lakina Bwer dvinage hamn in i91S, 
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a FioaL uioasurotueQt. b Gage liei^t ail«utod by io*. 



QJLABDXA BIVXB BAStH, 

Gilahina Riyer rises m mountains 6,000 to 7,000 feet high between 
Lftkina River on the east and Kuskulana Riyer on the west. It is 
about 12 mil s long and joins the Chitina 9 miles below the Lakina. 
Three miles from the Chitina it forks. The west branch, which is 
called the Chokosna, drains an area of 50 square miles and is nearly 
as 1 a rge as the main stream above the forks. The upper 6 miles of the 
Qilahina in its course through the mountains has a grade of about 
150 feet per mile. As it approaches the Chitina Valley the grade 
increases^ and for the lower 6 miles the ayerage grade is about 200 
feet per mile. 

There are no glaciers in the basin, and at normal stages the water 
is clear and free from sediment. The yaUey floor is Diade up of 
grayel, bowlders, sand, and day, and at high stages the stream 
transports considerable material, causing marked changes in the 

Gages were installed on the Gilahina and the Chokosna near the 
nolioad crossing on June 10, 1913, and frequent readings were taken 
during the summer by employees of the Copper Riyer & North- 
western Railway, but because of insufficient discharge measurements 
and various uncertainties regarding the readings it is not thought 
desirable to estimate daily discfaaiges. 
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The results of discharge metusurements made in the Giiahina 
baain are shown in the following table: 
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XU8KULAKA BIVBB BASIN, 
•nmuu. ffSATVBM. 

Kuskulana River has its source in Kuskulana Glacier at an eleva- 
tion of about 2,200 feet. It flows t^onthwostward for about 21 miles 
and joins Chitina Kiver about 10 miles above the Copper at an ele- 
vation of approximately' 60U feet, thus having an avera(?:e grndo of a 
little over 75 feet per mile. The main body of Kusl^ulana (ibicier is 
about 11 miles long and slopes from tuist to west with an n\-("r!i<;e 
wiilth of about one-third mile. It ^eceive^^ four northern branches 
that emanate from the south and west slopes of \fount Blarkbum. 
The basin above the Cliiiina Valley is exceedingly rugged. The snow- 
fall in the higher mountains is said to be heavy, accumulatii in 
massive drifts in the gul( lu^s and sheltered spots and in some pj.u rs 
lasting throughout the summer. The river derives its main supply 
from Kuskulana Glacier and is heavOy laden with glacial silt and sand. 

In the upper 10 miles of its course the river passes tlu"ough a broad 
gravel-filled flat, with high mountain.^ on either side; its lower course 
of 1 1 miles across the Chitina Valley lies for nuich of the way through 
a steep rock-walled canyon. At the raUroad crossmg the rails are 
about 220 feet above the water surface, and the canyon witiuii nx k 
walls is about 170 feet deep. The width at the water surface, about 
200 feet below the bridge, measured 70 feet, and the width at the top 
was estunated to be about 150 feet. The canyon affords many excel- 
lent dam sites. Below Strelna Creek it is iu many places particularly 
narrow and its walls are nearly vertical. The river is said to get very 
low in the winter and goes dry at places in the upper basin above the 
canyon, where the underlying formation is composed of loose mate- 
rial. There is no opportunity for large storage in the basin, but the 
river offers opportunity for the development of a thousand horse- 
power or more for five or six months during the year by the eon- 
Btructioa of a dam at the canyon; but the winter flow is m^<^o^fcl■<i^| 
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too low to wamnt the operatioii of sucli a plant, even thoa^ ice 
difficoltieB could be oyereome. 

ExteoaiTe copper prospects in tlie upper basin indicate a possible 
fnture need cl consictorable power. The tributaiy streams aboTe the 
canyon aie aQ smalL Nugget Ctetk, which is the largest, enters the 
main stream from the west Just below the glacier. It drains an area 
of 12.1 squsie milsB and faUs about 800 feet in the lower 2 miles. 
Several other minor streams in the upper basin haTe heavy grades, and 
during warm weather, when their flow would be maintained by melting 
snow, they would probably produce sufficient power for small mining 
operations. An examination in the winter might show sufficient flow 
for small power plante on some of the side streams fed by springs with 
sufficient thermal properties to prevent the excessive formation of ice. 

Strelna Greek, the most important tributary of the Kuskulana, 
heads in the ridge south of the TTfttttin^ River, at an elevation of 
6,000 to 7,000 feeti and enters the Kuskulana betweod 4 and 5 milee 
from the Chitina. It is about 12 miles long. The lower 6 miles of 
its course lie across the Chitina Valley plateau, with a grade of about 
200 feet per mile. Hiere are no glaciers in its basin, and the summer 
flow depends on rainfall and melting snow in the headwaters. Some 
winters it is said to go dry; in others there is a small flow even during 
the coldest weather. 

No record of daily flow has been obtained in the Kuskulana basin. 
A gage was installed on the Kuskulana below the railroad bridge May 
24, 1913, and was read every few days until about the middle of June, 
when the gagi; was washed out by high water; but an extremely shift- 
ing channel and insufficient measurements to determine the nature of 
such changes make it undesirable to attempt to estimate discharges from 
gage heights. A gage was also installed on Strelna Creek, at Strelna, 
on May 26, 1913, and a few gage readings were made, but the channel 
shifted so badly that without frequent measurements of discharge the 
gage heights would give Uttle indication of the flow. 

mSCXIXAJTBOUS M£ASUR£M£NTS. 



The nionsurements that were made in the Kuskulana basin in 1913 
are shown in the foUowiug table; 
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• ffillimliil » SaBfcwMlar from h—ry wimnhiftai of mdwr fca. 
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TIHJCJCL BlVJUt BAflPf. 

GENERAL I^TXJBES. 

Tiekel River is formed by the union of the 'Tniia River from the 
southwest and Kanata River from the north. It flows eastward 
about 15 miles and joins Copper River at mile 101 on the Copper 
River & Northwestern Railway, about 70 miles from the ocean. 
(See PI. IV, B, p. 37.) Its course Ues in a narrow valley bounded by 
high mountains on either side. The basin comprises an area of about 
400 square miles, lying in the heart of the Chugach Range. 

Between the forks and Copper River the Tiekel falls about 750 
feet — an average of 50 feet per mile. About midway in its course 
through the moim tains there is rej>orted to be a cataract variously 
estimated at 20 to 50 feet in height, and narrow box canyons furnish- 
ing natural dam sites are also reported. It is not likely that any good 
storjige sites exist, and the steep rock bluffs that flank the river bot- 
tom on each side would not offer favorable opportunity for the cou- 
strurtion of a comlaiL 

During the summer the run-off is exceedingly heavy (see p. 60), aiul 
for at letist five or sbc months the minimum flow would probably 
be sullicient to produce from 50 to 100 horsepower per foot of fall, 
but for several months during the winter the flow is doubtless very 
small, !Uid without storage it would ])iobably not be practicable to 
atteni])( to operate throughout I lie winter. Prediction of tlie effect 
of the funnation of ice is (iillic ult. The distance of the stream from 
the coast indicates that protracted periods of lelatively cold weather 
should be expected. 

There is but little timber in tiie main Tiekel Kiver valley of size 
suitable for saw logs. Along the river banks and up to an elevation of 
about 2,000 feet, where it is not too rocky and steep, a dense growth of 
willows and alders is ever\'Tvhere present. There are also a few scat- 
tered birch and spruce, but ail are rather stunted. Just below the 
mouth of the Tiekel, along Copper River, there are a few large cotton- 
woods. Above Ptarmigan Drop the Tsina basin is barren of all 
timber except small brush. Jielow Ptarmigan Drop theiro are small 
clumps of spruce and Cottonwood which have answered the lociJ 
needs f(n fuel iuid cabin logs, but they are too small for saw logs. 
The Kanata River valley is somewhat better supphed with timber 
but would soon become exhausted if it was called upon to furnish 
logs for milling or fuel for power development. 

Tsina River rises in glaciers lying in an unmapped ai'ca to the east 
of Valdez Glacier, from which they are probably eastward exten- 
sions. It is a typical glacial stream, flowing for the first 6 to H mUcsof 
its course in many constantly changing channels, which hnuUy merge 
into one. (See PI. VUI, B,) About 2 miles below Ptarmigan Drop 
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road house the valley narrows, and much of the way for the next 6 
miles the river flows between rock wails that in some places rise 100 
feet or more above the river bottom. The canyon alTords several 
excellent dam sites. At a point about 3.5 miles above Beaver Dam 
road house the ( aii\ on is more than 100 feet deep. (See PI. VIII, 
A.) The width Wiis estimated to ])c 20 feet at the l)ot(*)m and 100 
feet at the top. The river h>us an average grade of al)ouL aU feet 
per mile. It caj-ries immense quantities of glacial debris during warm 
weather, but after about the 1st of September the water becomes 
clenrer durinp: normal flow. Tsina River, like many other o:lacial 
streams, is subject to extreme floods caused by the release of water 
that has been stored in the glaciei's. On October 16, 1913, the river 
was discharging at least 1,500 second-feet, but two days later, without 
appreciable change in the weather, the flow had decreased to 87 
second-feet. People hving along the stream stated that the liyer oom-* 
menced to rise rf^[>idly on October 14. 

About 1 mile above the Beaver Dam road house the valley suddenly 
broadens and the flood plain reaches a maximum width of a half mile 
or more. Passing through this enlaiged section a distance of 3 or 4 
miles, the river again enters a narrow valley in which it has cut a 
rock-walled canyon much of the way for 2 or 3 miles. On leaving 
the canyon it enters a big basin in which Kanata Creek enters from 
the north and the main Tiekel breaks through to the east. Stewart 
Creek joins the Tsina from the west less than a mile from the Tiekel. 
Kanata Creek is a clear-water stream and is about 15 miles long. It 
heads in a low divide near Ernestine road house. 

Ptarmigan Creek, the largest southern tributaiy of the Tsina, 
heads in Thompson Pass (elevation about 2,690 feet) 18 miles east 
of Yaldez. The basin occupies an area of about 18 square miles. 
Tlie valley is broadly U-shaped, trends northeasterly, and is flanked 
by mountains 5,000 to 6,000 feet in elevation. The basin is narrow 
and precipitous on the east. To the west it is much wider and rises 
more ^Tadually, and it is from this side that the greater part of the 
stream flow is derived. There are two glaciers on the west. Worth- 
ington Glacier, the northernmost and much the larger, extends well 
down tt»ward the valley bottom and li('> Ix twem uj)per and lower 
canyons. On the cast side of the basin sevend small glaciers lie bi<rh 
among the mountain peaks. The Goverimient wagon road follows 
the we«t side of the creek until near the head of the lower canyon, 
where it crosses and soon entei>> the Tsina River valley. The creek 
is about 6 miles loni,' and falls about 1 ,()()() feel. Alxnii oOO feet of the 
fall is concentrated in two rock canyons. The upper canyon begins 
about 2 miles below^ 'i'iioiujison Pass. A fall of about I'OO feet occurs 
in a distance of approximately one-half mile. The lower canyon is 

97891*— W8P 872—15—5 
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near the mouth of the creek and through it the stream falls nearly 
300 feet in a horhsontal distance of about 1^ miles. Water could be 
easily diyerted at the head of the upper or lower canyon and carried 
cheaply along either slope in a conduit of pipe or a combination <xf 
pipe and flume. Wiih an efficien<7 of 70 per cent at the wheel about 
16 and 24 horsepower could be developed at the upper and lower 
canyons, respectively, for each second-foot of dischaige. 

Ptannigan Creek basin is barren of all trees except willows and 
alders, and if any of the several gold prospects that are now being 
developed in the basin should become mines, these water powers would 
become particularly valuable because of the absence of fueL Water 
would probably not be available for the development of power before 
the last part of May, and by late November the diminished flow and 
heavy formation of ice would likely prohibit the operation of a plant 
until the following season. 



inSOBLLANEOnS MEA8DBE1CBNTS. 



No daily rooonls of stroain flow have been kept in the Tiekcl Basin, 
but misceiiaiR'ous measurements were made during 1913 and are listed 
in the following table : 



MwxtUainieem meoMumuntM in TiM Mnag* terin in 1919. 



Oct. 
Nov. 

Juno 
July 
Sept. 
Got. 

Nov. 
Oct. 

Nov. 

Oft. 

Nov. 

Oct. 

Nov. 



y 

10 

I 

lu 
17 

s 

IS 
11 

10 
10 
19 
W 



I 



Strwm. 



Tsinn Uivcr 

. ...do 

...do 

T!ek«l RlvtT 

...do 

<\o 

Ptarml^m Greek.. 



00 

do 

do 

Stuiirt Creek . . 
do 

Kaniita llivor. 
do 



Trtbutacy to- 



Tlokol iliver. 

--..do 

do 

CopjitT Klvcr. 

do 

do. .. . — 

Tdnft&tTV.., 



LooaUty. 



....do... 

....do..., 



...do 

...do 

.--.do 

Tlekt^I Ulver. 
... ,do 



Below Pfarml^^iiu Crwk, 

do 

Moath 

do 

do 

. .do 

Ik'low hiko Ht hesid of 

upj>rr c';inyon. 

<ii> ' 

2 nl»nvp mouth at 

head of lowfr cuiivori. 

do .' 

At mouth 

do 

do 

da 




Stc.-ft. 


Sq. mi. 




87 




M) 








161 


O.S 




408 


14.3 




408 


20. R 


A] 9 


408 


2.01 


11.9 


7.7 


1.56 


3.8 


7.7 


.» 


22 


U 


1.3S 


2J 


ii^ 


1.44 








8.0 






146 


"i78* * 





WAT£K-POW£K SITES. 

The topography of the Oopper River bashi is in many reapectB 
favorable for water-power development. The Wrangell and Chugach 
mountains ^ve a heavy grade and many waterf aUs to the streams 
emanating from them and contribute a heavy summer flow derived 
from the melting of gladers and of snow banks accumulated during 
the previous winter. Natural storage sites in the form fji lakes and 
ponds or opportunities for the creation of laige storage basins by 
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dams, features secoiKi only in inqjurtance to the discharge and grade 
of the streams, are, howov(T, not purticularlj favorable. 

In the winter the nin-utr becomes vorv' low, and it is doubLful if 
the develnj)inont of water power will be found practifahle during 
that season north of the Chugach Range. Witliout more datn it is 
diflicult to make even an approximate statement rei^anlin^j^ the period 
during which the flow of tiie streanis and the teniperature conditions 
would permit the operation of a plant in that rej^iun, bnt from tlie 
best information available it appeai-s that the extreme limits of time 
for the auccessful operation of such plants would be from abont the 
Ist of May until the 1st of December. Ihe same limits of oj)eraimo; 
time would also probably apf^ly to the tributaries of the lower Copper 
unless consifh'rable storaj^e could bo obtained. 

The most nauiral sites for power development on the main Topper 
River are at Wood Canyon, about G miles below the Chilina, and at 
Abercrombie Rapids, about 10 mUes above the delta. (See p]). 
41-42.) A heati of 40 to 50 feet could probably he obtained at 
each locality, thus affording opportunity for producin<^ bei\v(HMi A, ,'}(){) 
and 5,700 iheoretical horsepower for each thousand second-feet of 
flow. The lowest flow measured in 1013 at the Lrairintr station at 
Miles Glacier bridge was 17,400 second-feet on November 12. That 
probably represented the minimum How since about the middle of 
May of that year. The dischart^e at Wood Canyon on the above date 
was probably al)out 15, not) second-feet, since the drainage area is 
about 15 per cent less than at the measuring section. The only 
billow of consefpience between Abercrombie Rapids and the measuring 
section is that from Miles Glacier. Both sites would be expensive 
to develop, and silt and ice would introduce serious operating prob- 
lems. At tiie latter site the river is Hanked on tlie east side by a 
moraine whidi might render the construction of stable headworks 
particularly difhcult. 

Numerous power sites of smaller capacity occur on the Nizina 
River, McCartliy Creek. Lakina, Kuskuhma, and Tebay rivers, and 
many other tril)utaries of the Chitina. The Kotsina and other 
branches of the Copper that head in tlie Wrangell Mountains also 
afford favoral)le opportunities for pown- development. Of the lower 
Copper Ri\er tributaries tlie Tiekel is {)erhaps the principal power 
stream. There are also many smaller branches that flow from the 
Chugach Mountains on which considerable power could be developed, 
Surh data as are available regarding these sites are included in the 
de^riptions of the basins in which they occur. 

In the mountainous regions the transmission of electricity would 
be very difficult and expensive because of tlie heav\^ snowfjdl and 
Steep rocky slopes. High winds prevail in the lower Copper Kiver 
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valley (see table, pp. 31-S2) and tliFough many of the tributary Talleys 
in that section during much of the winter. 

Most of the tributaries of the Oopper head in glaciers and carry 
large quantities of sand and silt duriug the summer. 

At liie present time, with coal costing $10 or more per ton at the 
coast and crude oil at $2 per barrel, hydroelectric power would prob- 
ably be much cheaper than steam, even though the plant could be 
operated but six or seven months a year (see pp. 15d-155), 'but in 
view of the many difficulties in the way of water-power development^ 
such as short season and consequent necessity for auxUiaiy steam 
power, great variation in stream flow, transmission costs, and silt 
and ice conditions, it does not seem probable that large water-power 
plants will have much advantage over steam plants if fuel costs are 
reduced to as reasonable a figure as should be expected when the 
Bering River coal fidlds are opened up. In inaccessible regions 
where transportation costs would make fuel unduly expensive the 
small water powers will no doubt be of considerable value if energy 
is there needed for mining or other purposes. 

MoKIKIiET IiAKE DISTRICT. 

Tho McKinley Lnk«» district is importnnt because of tho orcur- 
rence of gold quartos veins/ although no mines have as yet been 

devolopod. 

McKinlov Lake Ues west of the Copper River delta, about 20 
miles east from Cordova and about 2 miles north of the railroad at 
Alaganik. It is about 1^ miles long and drains into Alag:anik Slou^i* 
The surface of the lake is but little above mean tide level. 

Salmon Creek is the largest stream in the district. It rises in 
several small glaciere in liigh rugged mountains south of Sherman 
Glarier and i\owH in a southerly direction for about 5 miles. Its val- 
ley hes iiortli and east of McKinley Lake, from which it is separated 
by a low narrow ridge, which disappears gradually as the south end 
of the lake is approached. Salmon Ci-eek waters are said to flood 
their banks at high stages and mingle witl\ those of the lake near 
its southern end. At low stages tlie liver is said to enter Ahiganik 
Slough by a chamiel entirely independent of that from the lake. 
About 1 mile below its source the creek forks; the nuiin stream leaves 
its glacier at an elevation of about 675 feet : the minor branch enters 
at an elevation of about 350 feet, and on July 26, 1913, its discharge 
was estimated to he nearly as much as the main branch. For about 
1^ miles below tiie forks the gradient is about 125 feet per mile. In 
that section the stream is confined to a flood plain averaging roughly 
from 400 to 500 feet in width, with a floor of glacial d6bris through 
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which the stream meanders from bank to bank, usually confined to 
ODe channel at low and medium stages. The conditions along the 
vafley show evidence of the movement of immense quantities of sand 
and gravel during flood stages. 

A float measurement was made just below the fork (No. 1, PI. X, 
p. 72) on July 26, 1913, at what appeared to be about a normul 
stage for that time of the year. A discharge of 119 second-fcet was 
obtained. Considerable power could be developed during wann 
weather by diverting the water at the forks and carrying it in a 
conduit along the side of the valley for about 1^ miles, wlioro a 
head of 150 to 200 feet could be obtained. From 10 to 15 horse- 
power could thus be produced for each second -foot (»f discharge. 
There is said to be a considerable flow tlirougliout the winter, but it 
is not beUeved that it would be suflicient to warrant the operation 
of a plant for several months during the coldest weather. There are 
no sites along the creek wliere storage reservoirs could be providrd. 

The di:^trict is favored with an excellent stand of timber that would 
funiish cheap fuel fur the development of steam power, ami it seems 
likely that it would successfully compete with hydr(H'leetric power, 
considering the rather unfavorable conditions for the development 
of tlie latter. The nearness of tlie raihoad would permit the Iraus- 
poiLaLion of cofll to the mines at n low cost. 

POWER CKBEK BRAINAOE BASIN. 

Power Greek rises in Shepherd Glacier east of Qrca Inlet and flows 
southwestward for about 5 miles^ entering a northern arm of Eyak 
Lake about 4 miles northeast of the town of Cordova (Fl. IX, B, p. 65). 

"Ejak Lake is an irregulaivshaped body of water lying east of 
Cordoya. It is separate from Orca Inlet at Cordova by narrow 
lowlandsi rising only a few feet above high-tide level and connecting 
a southern spur of Oiugach Mountains with a small isolated range, 
to the south 3,000 to 4,000 feet high. The greatest dimension of the 
lake is from Cordova on the west to its outlet on the east, a distance 
of 4 or 5 miles. Its average width in a north-andnaouth direction b 
about 1 mile. It drains south through Eyak River to the Pacifio 
Ocean, a distance of 5 or 0 miles across tidal swamps which border 
&e coast and extend eastward to the Copper River delta. The 
level of the lake b raised a few inches by high tide backing up Eyak 
River. Hie Copper River & Northwestern Railway follows along 
the south shore of the lake. 

Power Creek b bordered on both sides by high nigged mountains. 
Hie first 2 or 3 miles of its course b through a U-shaped glacbl valley 
whose average width b about one-fourth mile. (See PI. IX, A.) 
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Extending across the lower end of the valley is a ridge 300 to 400 
feet high, through which the creek has cut a narrow gorge at its 
eastern end, and there falls more than 175 feet in a horizontal dis- 
tance of about 500 feet. Below the f alU the creek drops more than 
150 feet in 1^ miles. It ia proposed by the parties who now claim 
water rights to divert water just above the faUs and carry it through 
the ridge in a tunnel, thence along the west side of the valley for 
about 1^ miles below to a power house, where a fall of over 300 feet 
would be available. It is reported that about 800 feet of tunnel 
would be required. On September 10, 1913, about 60 feet of 4 by 6 
foot tunnel had been driven. The f omiation was of soft rock which 
could be broken down with a pick without the assistance of eEzplosives. 
The rock disintegrated rapidly on exposure to the air and it was found 
necessary to timber the tunnel as the work progressed. This work 
had been accomplished almost entirely by Uie efforts of one man. 

Power Oeek basin above the falls is steep and barren, fumishiDg 
but UtUe ground storage near the surface, though the considerable 
flow that it is said to have throughout the winter indicates that the 
rock formation of the basin must offer considerable undeiground 
storage. After heavy rains the creek rises rapidly and floods fre- 
quently occur. The lower valley is thickly covered with spruce and 
hemlock trees, some of which reach a diameter of over 3 feet. 

Power Greek offers a better opportunity for the development of 
power than any other stream near Cordova. It was originaDy con- 
sidered as a source of power for lighting the town, but an agreement 
could not be reached between the power company and those who 
claimed water rights and a plant was installed on Humpback Creek 
instead. 

Stream flow data axe insuflicient to make an accurate estimate of 
the amount of power that could be developed. But from the best 
data available it is estimated that the mmimiim Qow for six months 
in the year would not be less than 75 second-feet. That flow would 
produce about 1,800 horsepower with an efficiency of 70 per cent 
at the wheel. During the remaining six months of the year the 
capacity mi^t become 50 to 75 per cent less. Some storage could 
be obtoined by a dam at the upper end of the ^ci gc, which would 
increase the minimum capacity of the plant over that afforded by 
the natural minimimi flow. 

POWBR OBBBK NEAR OOBSOVA. 

This station was ifetublLsbod July 25. 1913. The gage is a vortical 
staff on tbe right bank of the creek, about 300 feet above Oiuiiiui's 
cabin, 1^^ miles from Eyak Lake, and about 6 miles from Corilovii. 
(See No. 2, PI. X, p. 72.) 
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MeasoremeiitB wm made by wading at a sectian just below the 

The discharge at the proposed point of diversion for power develop- 
ment^ which is ahout 1^ miles above the gage, was about 25 per cent 
less than at the regular measuring section on September 10, J 013, as 
deuriained by meiusurement. The actual diiference in run-ofT at the 
two sections was probably somewhat less, as the bed of the ereek at 
the upper section appeared to be more porous, thus aflorduig a greater 
opportunity for underground iiow. 

IHaAarffe mtatunmeiUi of Power Cuds mar Ccrdova, Akukat in 191S. 



Data. 


Gam 
height. 


Dis- 
charge. 


Date. 


Gage 
beigbt. 


Dl8- 

cbargo. 




Ffft. 


See.-ft. 
518 
137 

am 




Fed. 
6.3S 


See.-ft. 
140 











•Ttabi 



Daily gage height, in feet, and discharge, in second-feet, of Power Creek near Corcktva, 

[A. B. OfaBttD, obMmr.) 




a Approximate. 

MoxB.— Daily diacharga oomptttedlxom a raUog ourve iaitlf w«U da&jMd batow TOO moqoiMmC. 
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OBMERAL FBATUBBS. 

Prince William Sound is an irre}:;iilar -shaped bay reaching north- 
ward from the head of the Gulf of Alaska. (See PI. X.) It ex- 
tends from Cordova on tlio cast to the head of Passage Canal on 
the west, a distance of 102 nidoi^. In a north-and-soutli direction 
it reaches from tlio head of College Fiord to tlie lower end of Mon- 
tague Island, a distance of 104 miles. The entrance to the sound 
lie.s l)et\v(HMi 1 iiiiehinhrook and Monta<xue islands. The shore line 
is broken by a succession of fiords, l)ays, and inlet.s, and many islands 
break the continuity of the sound, particularly in its western part. 

The to])ogruphic features of the muudund are particularly rugged. 
The cotisL is rocky and precipitous and rises rapidly to the summit 
of the Chugach Mountains, which nearly encircle the sound. Most 
of the higher valleys are o( i ii])U'il ])y glaciers, many of which extend 
down to sea hnel. The majority of the peaks near the coast are 
from 2,000 to 5,000 feet in elevation. Farther north, toward the 
axis of the range, they roach altitu<les of over 10,000 feet. 

Grant and Higgius * state that ' ' the topography of Prince Wilham 
Souuil is that of a maturely eroded mountainous district, with the 
forms of river erosion modified l)y ice erosion. Into such a district 
the sea lijks come, filling the main basin of the sound and extending 
far up the valleys that lead into it." 

The streams entering the sound drain small areas, ami most of t liem 
are 1 to 5 miies in length. I^owe Kiver is nearly if not the largest. 
It is 30 miles long and di'ains an area of probably Ipss t han 200 square 
miles. Practically without exception they all have their source in 
snow fields ami glaciers. Their flow is subject to wide variation from 
snmmcr to \vinter. The rapid meeting of the glaciers and snow banks, 
together with a heavy rainfall in t he suiumcr, produces excessive rates 
of run-olf. In the fall and winter the flow from the accmnvdated ice 
and snow in the mountains rapidly decrrnsrs and the precipitation 
comes mostly in the form of snow. There is some rainfall and melting 
of snow during the winter, but the flow probably depends lai gely on 
the draining of underground channels. The prevaihng rock format i u 
Is shite and graywacke. with only a thin covering of soil an<l <Mlu-'r 
loose material. The opjiortunity for underground storage is therefore 
likely to be limited, and such sources would, as a rule, become quickly 
exhausted as soon as the inflow from the surface waa cut off bj low 
temperatures. 

Valdez and Cordova are the prinri]Kil 1()^\^ls in the Prince Willi am 
Sound region. Valdez, which is situated at the head of Port ViiideSi 

• mnt, U. S.,aDd ni{;i?iiu, D. F., Reoonnaisaannjof thefMtogrwdliyilimllWWm 
Souaa, AlMfci: U. 8. 0«oL Sorrqr BalL 443, p. lUO. 
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18 the supply point for tho Valdez mining district and adjacent terri- 
toiy and is the headquarters for the Alaska Road Commission and 
the military telegraph line through the Copper Rirer valley to Fair- 
banks and the Yukon Valley. It is also the terminal for the Valdez- 
Fairbanks wagon road. The population according to the 1910 census 
was 810.' Cordova, which stands near the southeast comer of the 
sound, had a population of 1,152 in 1910, but that was during the 
construction of the Copper River & Northwestern Railway, which 
brought here a population much larger than the present population 
of the town. The commercial life of the town now depends on its 
being the transfer point between ocean-going boats and the railroad 
leading to the Copper River valley. Other settlements in this region 
are Orca, Landlock, Ellamar^ Fort Uacum, Golden, and Latouche. 

MINE&AL BSBOUBOES. 

The mineral resources of Prince William Sound region lie mainly in 
its gold and copper ores.' Rcgulur siupments of copper ore are made 
from the Beatson-Bonanza, mine on Latouche Island, and from the 
FiUamar mine, at EUamar.' Small quantities of ore have also been 
8hif>ped from various other properties, notably those near Landlocked 
Bay and Port Fidalgo. Copper prospects are widely distributed 
throughout the region and considerable development work has been 
done, but the productive mines are so far limited to those mentioned 
above. 

The auriferous quartz veins so far discovered lie prin( ipally in the 
area surrounding Port Valdez,* and since 1910 prospect ing has been 
actively carried on. The Chff mine has been worked almost continu- 
ously since the installation of the first mill, in April, 1910. The pres- 
ent mill has six 1,450-pound Nissen stamps and is the only miU that 
is being operated uiviiitorruptedly. Several smaU inills have recently 
been installed in the district, and reports indicate that further develop- 
ment work wdl be continued. Though there is sufficient retison to 
boheve that the j^old lodes of this district will fiirni>li oie for tlie 
successful operaruju of many small mills, development work has not 
yet. assured the hope of any hirge luiius. (iold-quartz veins liave 
aL^u been discovered near Port Wells,' and for the past yrar eousid- 
crablo excitement has prevailed in that se< tiou, l)ut up to the present 
time ail tiie properties are in the development stage. 

' Th f s !n eludes ooly til* iiMorponitad town: with ttaAadJaoNit setttonMnt it* p^poiatlga is now pntatt^ 

ipoo to IfiOO. 

> Onnt, U. 8.,iiiMimiERliiB, D. P., RmwnmiimM»<atb»ge6loeyvtdtaln^ 
Soiin l, Alaska: U. 8. Srirv^iy Bull. 4K5, lolo, 

> See Capps, S. R., and Johmoa, B. L., The Ellamar dislriot, Alaska: U. B. Geol. Surwy Bull. inb. 
4 BfMdks, A. B., Oold d«po»lU near ValdiB: V. B. OaoL Snmf fittlL 5W, pp. 10b-130» IMS. 

• Hbmaa, B. L., TlM M W«lli goM^lode dl»trlct: V. a (ML Survey BulL MS, pp. 1914. 
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TIHBEB. 

The mainlaiid shores and most of the islands of Prmce William 
Sound are generally covered with a thick growth of trees up to an 
eleTStion of 1,000 feet or more. Spruce is ti^e prevaihng gi ow t li , and 
some of it is of a size and quality to produce a good grade of sawed 
lumber. Much of it, however, is stunted and of an inferior quality. 
The United States Forest Service estimates that there is nearly 3.5 
billion feet board measure of timber in the Prince William Sound region. 

The timber resources of this region will probably be used chiefly for 
the production of wood pulp. These timbers are said to be suitable 
for such uses, and the possibilities for the successful introduction of 
the pulp industry have been more or less considered, but so far as is 
known no steps have yet been taken toward the construction of mills. 
The manufacture of wood pulp was recently commenced in southeast- 
em Alaska. One small mill was being erected in the summer of 
1913, but it is reported that this project was abandoned and that no 
immediate development of the wood-pulp industry is in prospect. 

The forests of Prince William Sound are all included in the Chugach 
National Forest Reserve, ^riiich is under the control of the Forest 
Service of the United States Department of Agriculture. The local 
administration of this reserve is under the chaige of the forest super- 
visor at Ketchikan, who has a suboffice at Cordova. Such timber as 
it is considered advisable to cut within the reserve will be sold by 
the Forest Service at a price not less than the appraised value. Lots 
exceeding $100 in value must be advertised for 30 days and sold to 
the highest bidder. 

GAOmO STATIONS AND MSASU&XNG POINTS. 

Pouits at which gaging stations were maintained or discharge meas- 
urements made on streams tributary to Prince William Sound in 1913, 
are listed below. The numbers correspond to those given on Plate X. 

1. Salmon Greek below fbrksJ 

2. Pow»r Greek near Oovdova.* 

3. Humpback Creek new Ooidova. 

4. Snyd<T I'iills Crook at mouth. 

5. Wo5!< y V:i\U Cn'ok at o1p\ atiou 600 feet. 

6. Parsons Fails Creek at mouth. 

7. Bobiiuott Falls Creek at mouth. . 

8. Unnamed stream tnbutaiy to Sheep Bay. 

9. Unnamed stream tribntary tc> Ton Fidalgo. 

10. Unnamed stream tributary to Fif^h Bay. 

11. Unnamed strcnra tributary to Fiah Bay. 

12. Cbiaoa Creek at mouth. 

13. Horsetail Falb Creek at mouth. 

14. Lagoon Creek at mouth. 

1 Thisstroam caters the Pacific Ocean eo^t o( l^incc William Sotuul through Alagonik Slough. 
> Tbbitraun «nl«n tlM Psclfis OoMn«Mt o( FrioM wnUu 
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IB. Beynolda Creek «t elevation 260 feet. 

16. Oladhaugh Creek at elevadon 250 f«et. 

17. r,!;M)hini;:li rn>i k :it »'l<'\ ation 125 feet. 

18. Bottle Creek at mouth. 

19. Duck Biver at mouth. 

20. S(doiiMm Gulch above upper dam. 

21. Solomon Gukh at mouth. 

22. Lowe River at lower end lleiden Canyon. 

23. Mineral Creek between Brevier and Glacier creeks. 

24. Mineral i>e<»k at lower canyon. 

25. Brevier Creek at elevation 150 feet above mouth. 

26. Glacier Creek at elevation 100 feet above mouth. 

27. Eaet Fork of Mineral C^k at elevation 900 feet above mouth. 

28. Gold Creek abov* Mia. 

29. Gold Creek at mouth. 

30. Uno Croek at mouth. 

31. McAlifiter Creek at mouth. 

32. Unnamed creek tributary to Eaglek Bay. 
S3. Dttvis Creek at Golden. 

34. Avery Biver near Golden. 

35 . T.:>i:. m ( 'reek at lake outlet. 
3d. Hobo Creek at mouth. 

37. Uummer Lrtek at mouth. 

38. Umiamed creek iribut;ir\ t*. llutnmor Bay. 

Note.— Black-bkced type iii<ticaics resulor gaging ?lation<>; ligbt-faoed typ« points o( misoelUuMom 

ORGA BAY. 

GENERAL FEATDBES. 

Orca Bay tho oastoruin<>>tr urin of I*rin< o "William Soujul. Near 
its liaad a })ussaL:<^ kn<)\\ ii us Orca Iidot Icaci?* southward U> tho Gulf of 
Alaska. Tho town of Cordova i.s on tho east shore of Orca Itdot nl)out 
o\ niiU^i from Orca Bay. Oc<n\n-L'oiiig vessels reach the li;u])or of 
Cordova by way of Orca Bay luid Orr'a Inlet. Orca post ofiic<i niid 
cannery is situated about 3 miles above Cordova on the same side of 
the inlet. 

lluiiipbuck Creek enters Orca Iidet from the east about 5 miles 
north of Cordova. It heads in rugged mountains ;i,UU() to 4.000 feet 
high and falls rapidly to sea lovel. The liydroole^-tric oLuit i>f llie 
Cordova Power Co. is situated at the moulli of tiie creek. (See pp» 
105-lOG.) 

Orca Bay temiinat^ts at its lutad in a gravt*! and sill flat 2 to 3 miles 
h>n<^ »md a mile or more in wiiltli, knowTi as NtJson Townsit^?. The 
flats have hmm fonuod by glacial wash brought dowa aud deposited 
by Rude River.' 

Riido River is said to head in a large <:la( ior 8 or 10 miles from tide 
wat^'r, nui\ oc('Uj)i(ts a broad silt-floored vidlcy throTij^hout its course. 
It is report^Hl tliat the <rlacier from which it take- its soiin o roachcfs 
well down into the main valley, precluding any opportunity for power 
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dtiv'dlopinoiil. liu-ct) stroams, Snyder Falls, Wosloy Falls, and Par- 
sons Fulls crin^ks, enter Kudo River within 3 miUvs of tidewat/cr. 

Snydor Fulls Crock enters from tho cast near Cooper's mbiii just 
uhove hi^li-l'ulo lovol. It has its source in small hangmg ^Iuckts jiud 
deep snow huidvs at an (elevation of over 1,000 feet uhovo sea UjvoI. 
Most of tlio How is collected in a snuill ( ircjuc nt an elevution of about 
800 feet. Th<^ creek luis cut a deep channel near tho cinpie outlet, and 
thelice to Riulc River valley, a distanee of loss than a mile, it flows in a 
series of fulls and rapids through a rock-walled canyon most of tlie 
way. At several points along its course the water eould be easily 
diverted to a pressun* ]upe and carried to the mouth of the creek. 

Wesley Fulls Cr-eek enters Rude Kiver about 1 mile ubovc Snyder 
Fidls Creek and from tlie sumo side. Its heudwutei*s, like» those of 
Siivder Falls Creek, are among rugged, stwj^-slopcd mountains, with 
but little soil or vegetation to regulate the run-off. Water could be 
easily divortetl at an elevation of about 600 feet. Tho south side of 
tlio valby offers a fair opportunity for the construction of a pipe line 
leaduig to the mouth of the creek, a distance estimated to be leas 
tlian a mUe. 

Parsons Falls Creek joins Rude River from the west about 1 mile 
above Wesle}' Falls Creek. It drains a somewhat larger area thaii 
either Snyder Ftdls Creek or Wesley Falls CiHMjk. Its headwater region 
is less rugged and barren. Timber hno extends to a higher altitude and 
there are probably no <^laciers in the basin. It is formed by the union 
of several branchtis, below which it falls rapidly through a distance of 
several hundred feet and then takes a moderate grade to Rude River. 

Robms(m Falls Creek is a small stream from the west, about oppo- 
site Snyder Falls Creek. 

There is no opportunity to develop storage on any of the streams 
entering Orca Inlet, except possibly small reservoirs that might be of 
sufficient capacity to equalize the daily flow. 

HUMPBACK CREEK NEAR CORDOVA. 

Hus station was established May 20, 1913. The gage is located at 
the spillway of the Cordova Power Co.'s dam. 

Measurements of dischaige were made in the spillway, whii^ is 
located on the left side of the dam. It is 7 feet deep and 20 feet wide 
and is of sufficient capacity to carry the flow of the creek at all times 
except at extreme flood stages, when the excess flow passes over the 
crest of the dam. The average quantity of water diverted throngh 
the base of the dam to the pipe line for the operation of the wheel was 
approximately determined by taking the nlean of several measorfr* 
ments made just below the taibace. 
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Difcharge meaturem^nU of Humpback Creek near Cordova, Alaska, in IdlS, 





Gaee 


Ois- 
diaifB. 


Data. 


Gaee 
liai^t. 


diama. 


May 20 


Feet. 
1.28 
1.28 
1.34 
1.80 


See.-ft. 
44 
38 
46 
97 




FcU. 

ass 


Stc.^t. 
10.0 

• 17.7 






July 28 


Not. le 










"Those mfsuremanta www mada In tha creek below th« dam. AU other maaauremanto were made at 
Lbeqkiilway. 

DitAargt iiMaaiir«ineiilt Mow teifrwee of Cardom J^cmr Co.*9 plarU in 191S. 


Date. 


DIs- 1 
charge. 


Data. 


Dis- 
cbarge. 


Mtf2l> 


8ee.-ft. 
S.5 




8te.-/t. 
40 











DaUy gage height, in/eel, mi ^tAarge, in ueond-feet, of JJnmpbadt Greek near Ccrdom 

Alattat/w 191S, 

IChaa. Codvan, obaervar.] 




122 

m 





1 




i.to 


26 












t 












i.i6 

1.42 

r, si'v 


29 
&4 


















i.7U 































" Kntiro (low itafldllgOVe- splllwav. To obtain the natural flow of the rwk on other dajrsadd 4.6fla00lld* 
m, wbkb is tba avanBB flow diverted ttuougli base of dam for use at power plant. 
M«n,~j)lMdiM|aooiiipat«dtrom a mtfnc oarva tlmt H ftdrljr wall daBned balow ]ai>aaQOiid>fMt. 
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1OS0ELLANBOU8 1CBAS1TBEMENT8. 

The results of dischurge measurements matle at miscrllaiieoiis 
points on streams near Orca Buy arc shown in the following table: 

Miteellaneout meiuwemmU on atuama near Orea Bay in 1913, 



Stnam. 



Julv 29 

1") 



Snyder Falls rrM>k., 
Wciiley Falls ("rook. 
Parsons Falls Crrek . 



Trlbutaiy 



BiHto Rim. 
.do. 



\4 



.do Mouth. 



Mouth 

ElfvnlioaaQOIwt. " 



Robinson FalL. Cn'ok do ' .lo 

I 



• Estlmfttod. 

SHEEP BAY. 

Sheep Bay is a northern ann of Orca Bay. It is about 8 miles long 
and IS situated between Simpson Bay on the east and Port Gravina 
on the west. Entering it from the west about midway of its length 
k a smaU unnamed creek that would offer a favorable site for a small 
power plant. At an elevation of about 700 feet is a lake with an esti- 
mated area of about 100 acres. The outlet is through a narrow rock 
eanyoTi; where a dam oould be easily constructed that would raise the 
lake level 15 or 20 feet. The lake is nearly surrounded by high rock 
walls rising 1,000 to 2,000 feet to the summit of the ridge. Below 
the lake the creek falls about 300 feet in a distance of about one-half 
mile ; it then takes a moderate grade through a meadow-liko part of 
the basin for a distance of probably less than oxib-half mile, and 
thence to the bay, a distance estimated to be about 1,000 feet, it falls 
nearly 250 feet. Just before entering salt water it has a sh< < r drop 
of over 150 feet. The discharge at the outlet of the lake on July 30, 
1913, was estimated to be between 70 and 80 second-feet. 

POBT VIDALOO. 

Port Fidalgo is a largo eastward arm of Princo WilUam Sound, 
lying botwoon Port Gravina and Valdez Arm. From Porcupine 
Point to the oxtrome head of Port Fidalgo tho distance is a])out 25 
miles, and tlio avorago widtli about 3 miles. Tlio streams from the 
south, as far east as Wlialen Bay, arc sintdl and would probably not 
be worth considering as sources of power. Beyond Wlialon Bay to 
the oast the streams were not visitinl, though there are said to be 
several tliat carry considerable water, but no information is available 
regarding their value for power development. 

About 6 miles from flie extreme head of Port Fididgo an imnam<Ki 
stream enters from the north. Its lower course for 3 or 4 miles is 
through a broad glacial valley, and its wide flood plain of overwash 
silt and simd and the muddy appearance of the water give evidence 
of a glacial source. It heads east of Mount Deoson ' Rooster Comb' 
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and as s©en from the mouth uppoars to come from the mountain^^ in a 
narrow, procipitous valley, though gljicicrs may nnich woll down to 
the level of the enlarged valley leading to salt water. A measunv 
meat mado near the mouth ou August 2, 1913, gave a dischaigo of 

205 sccoiitl-foet. 

Fi^h Bay is a small northern projection from Port Fidalgo oppo- 
site Irish Cove. It lias two tributary streams of importance. Tlio 
I'Lii^'or of the two eut^*rs at its oxtromo ui)por end. It is somotimos 
r;LlliMl Falls Cnx^k, f(^r appropriate reasons, but that name is not woll 
t)6t;i])1i-hod and it i^ generally ( rai^ulorod an unnamed stream. About 
li miles from the month it forks. Tlio <\iist.<>ni fork is tlio larLz:^^ of 
the two, and on Auirust 2, 1913, the dLscharge was ostinuittnl to bo 
abnnt twice tliat frt)ni the w(^t. A measurement made just below 
tho forks on th« n]>ov<^ date showed a disrliarjje of 70 second-feet. 
As seen from iho spur Initween the two branches, each appears to 
head in large glacial cirrpKvs tliat may porliaps contain small laki's?. 
On leaving the crrrpios botli stn^anis fall nearly vertically tlu*ough a 
height variously estunated from 1,000 to 2,000 fvet. The stroamn 
unite about a mile below the foot of the os('arf>mont. Bocau-^o ihe 
immense fall the east fork is locally con ulorod to jifToT-d an e.xcep- 
tioual opportunity for watf r-power dovrlM|)nient. Tins opinion would 
bo justified if a suOiriont flow could bo niuiiilauiod. but it is <lonl>l 1 id if 
the discharge duruig the winter or even f(»r much of the rcunaiiuier of 
the year would be nearlv as great ius at the time of the aiH)vc meas- 
urement, whirli wfts Tiiiido during tlu^ season when the molting of ice 
and snow in the mountains would naturally be at a maximum. 

How much 1ms tlie <li«("]iarge at the liead of tlie falls wouUl be than 
at the forks can be determined only by actual measure in en ts. Even 
though tlie diflerence was but little during warm weather it nii^dit 
bec'ome considerable in the winter, wlien the lowor t^Muperatnres at 
tlifi higher altitudes miglit reasonably be expeetiwl to cut off almost 
<mtirolv the flow to the upi>er basin, while at an elevalii>n of 1,500 
feet or more beh)w, because of the increa.se<l possi]>ilities for inflow 
from dwp-seated underground sources, tho supply might be suf- 
ficient to warrant power development. 

The vallev below the falls is lu'avily timbered and very difiicult to 
travel through. Tlie creek luis a moderate grade for a coastal stream, 
hilt it flows through rock canyons at sev<u'al ]ioints and tlu^re are a 
fow falls and rapids that ])rohil)it travel along the criwk except at low- 
water and then only with considerabh^ dilliculty. In .some placi^s 
the valley is narrow witli steep slopes; in others it widens with bench- 
like formations at varying elevations above tlie walvr level. 

The next stream enters Fish Bay near tlie extreme southeast cornt^r. 
It heads in a ridge about 2,000 feet liigli southeast of Laii< Hocked 
Bay, at a distance estiioatoci to be about 3 mileo from its mouth. 
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The topogiaphy is less rugged than that typical of most coastal 
streams. There are no glaciers in the basin. The flow is dependent 
on rainfall and molting snow and is probably very low for much of 
the year. There is a small lake at an elevation of about 950 f(3et 
that could be made to furnish storage that wuuld bo very importaut, 
for a small water-power plant. Bolow an elevation of about 900 feet 
there is evidence of but littlo inflow. 

A raoasuromout made at iho above elevatioiA uu Ao^u^sL i, iyio, 
gave a discharge of '6.7 socond-foet. 

IiAliDJLOCX^^ BAT. 

OBNERAL FBAT0BB8. 

Landlock(»d Bay is a northern arm of Fidalgo Bay botween Blah 
Bay on the cast and Boulder Bay on the west. Four small streams— 
Ousna, Horsetail Falls, Lagoon, and Beynolds creeks — enter Land- 
locked Bay. 

Chisna Creek risof? on iho nortli slope of Billy^at Mountain at an 
elevation of about 2,200 feet. It is about 1 ^ miles long and flows 
north, entering directly opposite the Three Man Mining Co/s 
camp. The Chisna Consolidated Mines Co. installed a small watrr- 
power plant at the mouth of the creek several years ago. (S<»e p. 107.) 

Horsetail Falls Creek enters Landlocked Bav about one-}ialf mile 
east of Chisna Creek. It falls nearly vertically through a height of 
about 500 feet just before enUTing th<^ bay. There is a small pond 
at an eleTation between 900 and 1,000 feet. The discharge of the 
creek becomes very low in the fall after the begiiming of cold weather, 
and probably during much of the winter it b practically dry. On 
October 8 and also on November 18 the flow of the creek Wiis observed 
by the writers to be very low, probably less than 1 second-loot on each 
of the ab( VP dates. 

Lagoon Cvcrk is tli<^ largest stream tributary to the coast between 
Fish Bay and Galena Bay. It heads opposite Bottle Creek and flows 
southeastward, entering the head of Landlocked Bay through the 
Lagoon. For the first mUo above the mouth the creek flows throng 
a narrow, steep-sloped valley and in that distance falls about 450 feet. 
It is made up of a series of cataracts, rapids, and small gravel-filled 
basins. Above, the valley broadens considerably and the creek has 
a more moderate grade. At low and medium stages the water is 
dear and is probably derived from rain and meltuig snow. It is said 
that there are no glaciers within the basin. The development of 
power would be dependent on the daily flow of streams, as there is 
but litUe opportunity lor storage. Several measurements of dis- 
chaxge were made at the mouth (see table, p. 81), where the flow 
would naturally be somewhat greater than at a higher altitude where 
a diveisbn would be made for power development. On October 8^ 
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1913, the discharge at an devation of about 450 feet was estimatod 
to be 25 per cent less than at the mouth. 

Reynolds Creels, rises at an eleyation of about 2,500 feet and flows 
aouthwardy entering Landlocked Bay about one-fourth mile northeast 
of the camp of the Three Man Mining Co. The basin is nearly circular 
and covers an area of 1 .4 square miles. It is a clear-water stream and 
fluctuates rapidly during rainy periods and in warm weather when 
there Is snow in the headwaters. It has been considered as a 
source of power by the Three lian liining Go. Water would be 
diverted at an elcTation of about 240 feet and carried along the west 
side of the valley in a flume 1,500 feet long. About 400 feet of pipe 
would be rcquixH^ to convey the water from the flume to a power 
house at the beach. A gage was installed on the creek on July 31,191 3, 
at an elevation of about 250 feet, and several readings were made 
during the summer by W. A. Dickey, but because of shifting channds 
and insufficient measurements to detennine time and amount of the 
various changes, it is not considered advisable to publish estimates 
of flow except at times of measurements. The least dischaige 
measured was 2.4 second-feet, on November 18. Under a head of 240 
feet that rate of flow would develop 46 horsepower at an efficiency 
of 70 pcT cent. It is not unlikely that a lower stage was reached for 
short periods during the summer and fall between rains. What the 
flow would be during the winter can only be determined by frequent 
measurements. 

MTSGELLAJTEOUS MEASUBEMBNTS. 

The only records of How on streams tributary to Landlocked Bay are 
the following misccllanoous measurements: 

Mitet^aneoui menuremeiUt near LandloeM Bajf in 192S, 



1 
I 
SI 
t 

t 



BdmtallJMli Creek. 

Ufopn< 

do.J 

• • • « »d o # _ - - . 
lUfiioMsCra^. 
w..do. 




Tributary to~ 



Ludloekwi Bay. 



.do., 
.do., 
.do., 
.do., 
.do., 
.do.. 



Locality. 



HOQtb. 
....do. 



....do 

....do 

Bl«mtlon2Si0fe«t. 

■ • • • ^do**** 

do 




OIiAOHAXrOH OBSSK. 



GENEKAI. FEATUUES. 



Gladhaugh Creek enters Viigin Bay about one-fourth mile north 
of Blllamar. The basin occupies a circular area 1,6 square milt« 
in extent and reaches its h^hest point on Ellamar Mount (ele> 
97801*— W8P 872— 16 6 
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▼ation 2,700 feet) to the north. In its upper part the bounding 
ridge rises precipitously and the flow reaches the main iBtream in 
many ill-defined channeb from a cirquelike basin. 

At the lower end of the drque there is a nearly TWtioal fall of 
about 40 feet. From the foot of the falls to the mouth, a distance of 
about 1 mile, the creek falls about 200 feet. After about the middle 
of June, when the snow has left the basin, the flow is dependent on 
the rainfall, and reaches a yery low stage much of the time. 

The Elllamar MInmg Co. diywts water from Gfladhaugh Greek about 
one-half mile from the mine, at an elevation of about 125 feet. It 
is carried to the camp in an iron pipe and there used for domestic 
and boiler purposes. 

The stream has been considered as a poflsiUa auxiliary source of 
power for use at the EUamar mine. Such records as have been 
obtained show that for much of the tame the flow would be insufficient 
to waiiant the installation of a plant. 



GLADHAUOH OBBEX AT BLXTATION 360 FBBT. 

On May 14, 1913, a ga<:o was installed on the left bank of Glad- 
hau^li Creek, abuuL ioU IceL above tiio fails, ajid at an elevation of 
250 feet. 

[Dn&ttBB ana, a6 aqam mlb.) 



Date. 



Aug. 2. 
O^S. 




IhUjf gaffe hei^and ettinuUeddutharffe of Oladhaugh Cndt at elevaiion tSO feet m MS, 

{Obnrw L. W. SlonD.] 



Date. 



Mav 14.. 
Ma'v ir.. . 
May 20. . 
May 24.. 

Jtinp *^ . . 





DlMbargc. 


Fea. 


See.-fett. 


1.75 


10.2 


1.78 


11.3 ' 


1.72 


9.0 ' 


1.75 


10.2 


l.« 


13.3 i 


1.H5 


H.l 1 



Data. 



June 19. 
July 13., 
July 26. 
Aug. 2., 
OoC«.. 



Ftd. 
1.74 

i.n 

1.0 



•it 



OLAJ>HAUOH CBX8K AT BLBTATION 126 FBBT. 

In order to determine the relation between the run-off at elevation 
250 feet and at elovalit)ii 1 25 feet a gao;e was installed at the' lower 
elevation on August 2, 1913, but as dculy records at the point were 
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not kept the only days on which the flow nt the two stations can be 
coin|)arccI are August 2 and October S, when the dischai^e was 
measured at each station. The measurements show that on those 
dates the discharge at the lower gage was 4o per cent greater Lhau 
at the upper. 



Di»Aarg€ ofQIa^ataugk Credt at eUvaUon 125 feet in 1919. 
(DnlnacB mm* 1 aqaaiv mlh.] 



Dat«. 


Discharge. 


Discharge 
pcrsutiara 
mlM. 




Stc.-ftft. 
3.5 
2.9 

2:0 


See.-feel. 

.V) 









QALBNA BAY. 



OENERAL FEATURES. 

Galena Bay Is an eastward projection of Valdez Ann, lying between 
Jack Bay on the north and TatiUek Narrows on the south. It is 
about 6 miles long, with an average width of about 1 mile. The only 
streams of importance entering the bay are Bottle Creek and Du<^ 
River. 

BOnrTLE CREEK. 
(UUTEB^ FEATURES. 

Bottle Creek drains an area comprising approximately 12 square 
miles north of Landlocked Bay. It enters Galena Bay near its 
extreme southeast comer at the Galena Bay Mining Co.'s camp. 
The bounding ridges are steep and rugged, but much of the indosed 
area is of low relief and swampy. Between Gumboot Basin and the 
bay the creek falls more than 150 feet. Gtunboot Basin is a flat 
expanse beginning about 1 mile from the bay and extending east- 
ward along the creek for a distance of 2 to 3 miles, varying in width 
from one-half mile to 1 mile, llie main tributaries are irom the 
south. Copper Creek, which joins Bottle Creek near the upper end 
of Gumboot Basin, rises in Copper Lake about H miles from the 
main stream, at an elevation of about 760 feet. Copper Lake covers 
an area of about 100 acres and receives its inflow mainly from the 
northeast dope of Copper Mountain (elevation 3,946 feet). East of 
Copper Creek valley is Vesuvius Valley, which drains into Bottle 
Creek near the lower end of Gumboot Basin. Mallard Lake is 
situated near the lower end of Vesuvius Valley at an elevation of 
shout 200 feet. Hie Galena Bay Mining Co., which has copper 
prospects at the upper end of the valley, has installed a hydro- 
electric plant on Bottle Creek. (See p. 107.) 
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BOTTLK OBXSK AT OAUnA BAT. 



This station was established May 13, 1913. The gage was located 
near the mouth of the creek on the left bank. It was read at or 
near time of low tide. At high tide tbe readings were affected hj 
backwater from the bay. Measurements of discharge were made by 
wading below the gage. The channel remained permanent during 
the period coyered by the records. 

Discharge measuremaU^ of liottU Creek at Galena Bay in 191S. 



Dat«. 


Cace 
height. 


churge. 


Date. 


Gace 


Pis- 




Fm. 

1.M 
L-ll 


165 
61 




1.U 


Ste.-fL 

m 


Aug. J 





DaUy gaffe haght^ in/eel^ and ditdianfe, in second-feet^ ofSoitiie CnA at Galena Baigfat j 



(Drainage area, 12 square miles: 0. L. Banta, olM«rver.] 



May. 



Dis- 
charge. 



JniM. 



Oac» 
height. 



Dfe. 
charge. 



Oafie 
height. 



Dis- 
charge. 



Anguft 



Gafe 

height. 



Dil- 



1. 
3. 
S. 
4. 
S. 

6. 
7. 
8. 
9. 
10. 

II. 
12. 
13. 
14. 
10. 



Ifi. 
17 
18 
19. 



21 

22. 

23. 

24. 

9B. 

26. 
27. 
28'. 
29. 
30. 
71. 



1.93 


15.'. 


1.86 


140 


1.M 


US 


2.04 


179 


1.98 




2. 1» 


210 


2. at 


179 ' 


1.W 


197 . 


1.85 


I3K 


1.92 


1.'.2 , 


2.05 


ISl 1 


1.9U 


148 


1.80 


IS7 


1 T4 


11« 


2.2ti 


215 


2.16 


206 1 


2.06 


l«l 


is.-. 


138 


1.80 


,r 



1.80 
1.7S 
1.S5 
2. OS 
2.20 

2.30 
2.15 
2. 1* 
2.42 
2.10 

2.05 
1.95 
2.38 
2.40 

2.W 

2.33 
2.2.'» 
2.20 
2.06 

a. 16 

2.05 
2. IS 
2. 10 
2. OS 



127 
123 
138 
181 
21& 

23.S 
2f>4 
210 
267 



ISl 
257 



24.1 

22r. 

215 
181 



2.0(; 
2.03 
1.95 
1.90 



181 
210 
192 
181 

in 

174 
170 
177 
1.S9 
148 



1.90 
1.87 
1.88 
1.90 
1.08 

1.86 
1.82 
1.80 
1.76 
1.70 

1.65 

i.r.5 

l.fiS 
l.U) 
l.«0 

1.70 
1.75 
1.85 
2.05 
2.80 

2.45 
2. 10 
l.'.«5 
1.85 
1.74 

1.70 
1.67 
1.65 
1.62 
1.58 
1.55 



148 
142 
144 
148 
U2 

140 
131 
127 
119 
108 

99 
99 
09 

90 



108 
118 
138 
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DUCK BIVEE. 

Duck Kivor lia.s its source in Silv<T Lake at an olcvution of about 
250 feci above soa level. (Sec PI. XI, .1.) It is estiniattid to be 
al)out 2 miles lon<]: and enters Galena Bay at tli(> nortlieastwn comer 
tlirou^li the Lagoon. The river has a uniformly steep i^^rade with 
several very beautiful v. at« l i all-i ueai* the lake. (See i'l. XI, i?.) It 
is b(»uiidc(l ou the north b} a steep-sloped ridgt^, which reaches an 
altitude of about 4,000 feet ojjposite the lake outlet and incr<'ases 
in elevation eastward. To the south the topography adjacent to tlic 
river is irre«^ilar, with a more gradual ascent to the sumnm. Tlie 
valiev is densely timbered except a few small incadow-hke openings 
on the south which are swampy and usually contain small ])onds. 

Duck liiver and Silver Lake offer the most favorable op]>ortunity 
for water-power development in the Prince WiUiani Sound region, 
so fur a.s is known by the writers. Silver Lake is esiiiiiated to be 
between 3 and 5 mile^j long and U> have an averat^e widtii of about 
1 mile. The shore rises abrupt 1\- ou all sides and the water is said 
to be deep even a few feet from the edge. Tlie lake, as st^en from 
the outlet, is surrounded on aU sides l)y high mountains tliat reach 
their greatest elevations near the head, where they tu*e particularly 
rucjged and precipitous. Some distance from the outlet the lake 
bends to the south, cutting from view its upper part. The lake lies 
beyond the area mapped and it is impo.ssible to estimate the extent 
of its draina^j^e with reasntial>h' accuracy, but the run-off, m shown 
by the measurements listed beh>w (al-o see fig. 4), is nuich greater 
than would be expected from the avaihilde iid'ormalion concerning 
the general limits of the basin. The waters of Duck Jviver were 
quite turbid at the time of each measurement, though undouhi<ully 
much less so than they would have been without the settling ell'e('t 
from the lake. The appearance of the water and the apparent hii^ii 
nm-off leads to the conclusion that a conaidcrablo proportion of tlie 
inliow must be from active glaciers that ai'o reported to exist in the 
upper part of the basin. 

The topography at the oulh t of the lake is favorable for the cou- 
stnict ion of a dam up to a height of 100 feet or more. (See PI. XI, A.) 
The lake level could be raised 30 feet by a dam uljout 60 feet long. 
Bedrock lies near tlie surface and n solid foundation for a dam is 
prohal)ly ol)tainable. Consideral)h' suhNtorsi.rr could be ohtiuned if 
desired by jdacing the intake pi|)e below the normal lake level. 

It is reported that water could l)e conducted from the lake outlet 
to a powerhouse at sea level on the lagoon, about one-ludf nnle 
gouth of the mouth of Duck River by a pipe htie ahout 1 ' miles long. 

Parties who claim water rights on the river state inat from a 
knowledge obtaiued by weir ineftsuremeut^ made during the spring 
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of 1913, together with general ohscrvations at different seasons of 
the year, they have estimated the minimum flow to be not lees than 
30 second-feet. 

The average yearly flow of Duck River, as deteniiin. ! from the 
following records and an assumed flow of 30 socond-fi et for the 
remainder of the year, is ahout 240 second-feet. The facilities for 
storage are believed to be sufficient to maintain a imiform flow at 
the above rate. With an efficiency of 70 per cent at the wheel, 240 
second-feet of water under a head of 250 feet would produce nearly 
4,800 horsepower. More records should be procured, particularly 
during the winter months, on which to base final plans for develop- 
ment. 

nVOK BlVn AT OALBVA BAT. 

This station was established May 13, 1913, on the vi^ht hawk of the 
creek about 600 foot above the mouth. Gage rea<^liiigs were made at 
intervals of four or iive (hiys fur the remainder of the year. 

Measurementii were made by wading at low and medium -t a<j;t".s 
and from a boat at high stages. The channol remained permanent 
during the period covered by the records. 

Tlie difference in dischargt^ of the river at the outlet of iIk^ hike 
and at the men^^nrin^ section near the mouth was not (haerumied by 
actual meaMiL( ni(M>t> but there was no evidence of much inflow 
between these pomts. 



DisAaarge fMosurerwnlt of Jhtck River at Galena Bay in 191S, 
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Jkti^ ffag€ height, in/tet, of Duck Rii tr ot Galena Bay/or 

(Q. L. Banta, observer.] 
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Daiiy ditehargt, in Berond-fiet, of Duck River at Galena Bag for 191S. 
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POBT VALDEZ. 
OBNEBAL FEATURES. 

Port Valdez is a northeastern fiord of Prince William Sound. It 
is about 14 miles long and about 3 miles in average width. It trends 
east and west, bending to the south at the westeiri md, and ter- 
minates in Valdez Narrows, with a minimum wklili i f about 1 mile. 
The fiord is 600 to 800 feet in i ( rage depth, with but little shallow 
water except at the head, where large glacial streams are building 
up their delta. Port Valdez is surrounded by high, ru^ed mountains 
(see PI. XII, p. 85), the main Ohugach Range to the north and a 
spur of it to the south. On the north the mountains have steep 
slopes and have many sharp rocky peaks, some reaching altitudes 
of nearly 7,000 feet. The mountains south of the bay are not so 
high, ranging from 3,000 to 5,400 feet in elevation. Many of the 
higher valleys on the north are filled with glaciers. Valdez Glacier 
is the largest body of ice in the region. It is more than 15 miles 
long, nearly 2 miles in average width, and terminates about 3} miles 
northeast of the town of Viddez at an elevation of 250 feet above 
sea level. The only glacier reaching tidewater is Shoup Glacier at 
the head of Shoup Bay. There are a few small glaciers among the 
higher of the peaks to the south. 

The principal streams tributary to Port Valdez are Solomon Gulch 
from the south, Lowe River and Valdez Glacier streams at the head, 
and Mineral Greek, Gold Creek, and Uno Creek from the north. 
There are many other streams entering the bay, but they drain small 
areas and carry sufficient water for power development only during 
the spring and early summer, when the snow in the mountains is 
rapidly melting, or at times of heavy rains. (See p. 97 for list of 
miscellaneous measurements.) 

SOLOMON GULCH. 

Solomon Gulch offers a more natural if not a greater opportunity 
for the developnuMit of water power than any stream entering Port 
Valdez. It has its source in glaciers 6 or 8 miles from the hay and 
occuj)ies a broaci. gravel-filled basin for most of its lenfijth. About 
throe-fourtlis of a mile frnin the muulh of the croek the basin is con- 
tracted by a spur from the east , and the stream for ihi^. remainder of 
its coui'se Hows through a rock-walbnl canyon in a series of falls 
with a drop of over 500 feet. This power is now heiiii^ utilized by 
two companies wlio liave installed hydroelectric plants and transmit 
current to Vaidez. These plants are deseribtMl on pages 107-108, 
The basin is without forests except a few small seattered spnice. 
The snowfall is very heavy in the upper basin and tbe summer run- 
off is likely to be excessively high. (iScc Fi. Ill, B, p. 36.) The 
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miniipTiin flow probably occuib during Maich and April, though ike 
run-off probably becomes very low by the let of Fetnruary. Several 
miscellaneous measurements were made on the creek and are Ibted 
in the table on page 97. The lowest flow measured was 12.7 second- 
feet on May 7, 1913, but this, owing to melting snow, was un- 
doubtedly greater than the minimum for the winter. A conserva- 
tive estimate of tlie minimum would ho less than 10 second-feet. It 
is estimated that if all the storage that it would he practical to pro- 
vide was utilized, possihly 1,000 horsepower could he developed at 
all seasons. The topography at the head of tlic canyon is favorahle 
for the construction of a darii, and a reservoir with a capacity of 
6,000 to 10,000 acre-feet could probably be created. 

LOWE BIVBB. 

Lowe River, the largest stream in the district, rises north of Mar- 
shall Pass, flows in an easterly direction for about 30 miles, and 
enters the bay at its southeast comer about 2 miles from Valdez. 
Its flow is derived largely from glacial sources and is subject to great 
variation. Excessive floods occur during the summer, whereas in 
the winter the discharge is said to reach a very low stage, though no 
measurements have been made later than October 17, About 3 
miles below Marshall Pass the river enters Heiden Canyon and is 
confined between steep walls for 6.5 miles. At the lower end of the 
canyon, abouti 1.5 miles above Wortman's, it occupies a broad grayel- 
filh <1 valley through which it flows in many constantly shifting chan- 
nels for 4.5 miles to Keystone Canyon. There the mountains close 
in and for a distance of 3 mdes the walls of the canyon are for much 
of the way of solid rock and at points rise nearly vertically above the 
stream for a height of several hundred feet. Between Keystone 
Canyon and tlie bay, a distance of about 12 miles, the valley is from 
1 to 2 miles wide. 

Lowe River falls 1,854 feet between Maishall Pass and Port Valdez, 
a distance of about 26 miles, making an average grade of about 71 
feet per mile. 

Power could be developed at both Heiden and Kej^tone canyons. 
At the latter the head would have to be developed by a dam across 
the canyon. Such construction might be warranted if the flow was 
sufficient to operate a plant of large capacity, but during the winter 
it becomes very low and there is but little opportunity for storage. 
Lowe River carries immense quantities of sand and gravel during 
the summer. The feasibility of constructing high dams on rivers of 
that type is open to question. Such a project would involve the 
relocation of the Government wagon road, which now fottows the 
right bank of the river through the canyon. 
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Heiden Canyon offers perhaps a more favorable opportunity for 
power development. Water could be diverted near the head of the 
canyon to a conduit on the north bank and carried along the bench 
above the canyon for about 6.3 miles. In that way a head'of more 
than 900 feet could be obtained. The drainage area above the can- 
yon is about 30 square mOes and ranges in elevation from 1,500 to 
about 7,000 feet. It lies in an area of heavy snowfall, and the winter 
temp^Htures, though modified by the wanner coastal air current, 
are probably suffidently low to prevent much surface nm-ofP during 
that season. So far as is known there is no opportunity for storage. 
From about the middle of May until October several thousand horse- 
power could no doubt be developed, but the high elevation of the 
basin nii<^hL cuuso such a small ruii-ofF and low temporatiu'es as to 
ronder the operation of the plant impracticable during the winter. 
On October 17, 1913, there was considerable slush ice rumiing in the 
river at the foot of Heiden Canyon, large masses of anchor ice had 
formed on the river bottom, and solid ice extended several feet from 
each edge. 

MINEJEUJL C£££K. 

Mineral Creek has its source in a glacier at an elevation of about 
1,000 feet. It is about 8 miles long and flows southward until about 
1 mfle from its mouth, when it turns toward the west and enters the 

bay about 4 J miles west of Valdcz. The basin covers an area of 14 
square miles. The topographic features are exceedingly rough, in.- 
cluding many sharp pinnacle*? and narrow spui-s. Many of I lie peaks 
exceed G,()00 feet in altitude and largo glaciers uccupy tin* upper 
parts of the tributary valleys. The mam valley is bounded by pre- 
cipitous slopes uu both sides, with a U-shaped cn)ss section. For 
the first 3 miles the valley is narrow and there are a few solid-rock 
canyons; below this stretch the river has built up a broad flood 
plain averaging about one-fourth mile in width. Alxmt 1 \ miles 
from the mouth, as the stream leaves the mountain.-, and approaches 
the tidal flats, a ridge 200 to ;U)0 feet high crosses the valley. The 
creek has cut its way through this ridge at tiie e^ist end, forming 
a narrow rock canyon, where a dam 50 to 6U feet high could easily 
be constructed. 

Brevier Creek heads in a large «j;iaeier ai)out a mile west of Mineral 
Creek and faUs more than 1,000 feet in its course. Durin^i; warm 
weather it is a torrential stream, but the discharrrc rapidly deert^ases 
on the approach of cold woathor, and the bed f)f the 'Stream near tlio 
mouth is said to be dry in the winter, though in its upper course there 
is a small surface flow. 

Glacier Creek enters Mineral Creek just below Brevier Creek, and is 
similar in character, but its flow is considerably smaller. 
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The East Fork of Mineral Creek enters the major stream about 1 
mile below Glacier Creek. It is less than 2 miles lonp; and risos in a 
glacier about 2,000 feet above the level of Mineral Creek. Nearl^^ a 
thousand-foot f all occurs i n the lower half mile of ite course. 1 1 would 
probably furnish 200 to 300 horsepower for 4 or 5 months in the sum- 
mer» and water could be easily diverted to a pressure pipe on the south 
side of the creek. On October 24 there was about 6 inches of snow, at 
an elevation of 900 feet above the mouth, and the creek was frozen over 
soUd except where it had a vertical fall of several feet. It is doubt- 
ful if it would be feasible to attempt to develop water power on upper 
Mineral Creek or any of its tributaries between the early part of 
November and the middle of May. At the lower canyon on Mineral 
Creek continuous power could no doubt be developed throughout the 
winter, but a head of not over 75 feet could be obtained. A flow of 
37 second-feet, as measured on November 24, 1913^ under a head of 
75 feet would produce under operating conditions only little more 
than 200 horsepower, which is several times greater than should be 
expected later in the winter. The storage obtained would probably 
be sufficient to equalize the flow during much of the winter, but would 
be of little value in caring for the accumulation of excess water in 
the fall. 

* Placer gold is said to occur in the gravels of Mineral Creek above the 
lower canyon, which would be flooded by the construction of a dam. 

The basin is barren of all timber except a few scattered cottonwoods 
in the lower valley and alders on the valley sides up to an elevation 
of about 1,500 feet, where there is sufficient soil to support their 
growth. 

Considerable prospecting for gold quartz is being done each summer 
in the headwaters of Mineral 0*eek,^ and some development work has 
been accomplished. A small stamp mill for preliminary work was 
erected in the fall of 1913 at the mouth of Brevier Creek. Power for 
its operation will be obtained from Glacier Creek when the flow is 
sufficient. The plant is described on pages 108-109. 

In the summer supplies can be hauled up the creek on wagons for 
about 4 miles, when the stage of the water will permit travel along 
the bars. Pack animals are used for the remainder of the distance. 
When the water is high everything has to be packed either from 
Valdez or from the boat landing near the mouth of the creek. Tlie 
pack trail crosses the creek at the lower canyon and follows the west 
side of the volley. There are branch trails leading to the various 
properties. Most of the hauling is done in the winter when sleds can 
be used. 

< 6m Braoki, A. U., (Md dapiNlti omt ValdM: U. 8. QmL Sanrtiy BnU. «», pp. l»-m, 1012. 
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GOLD CREEK. 

Gold Creek enters Port Valdez about 4 miles below Mineral Creek. 
It flows southward^ is about 3 miles long, and drains an area of 10 
square miles. The surrounding ridges are 4,000 to 5,000 feet high. 
The flow in the summer is maintained larg^y by glaciers which lie 
at elevations between 2,300 and 5,000 feet and cover about one-third 
of the basin. Gold Creek occupies a hanging vallej that opens to 
the bay at an elevation of about 800 feet above and about one-half 
mile horizontally from tidewater. Through the falls the creek is 
confined in a sharp rock gorge that rises precipitously to the- summit 
of the mountains on either side. Above the falb the valley widens 
into a gravel filled basin which is about one-balf mile long and 1 ,000 feet 
in maximum width. Placer gold is said to occur in the gravel of this 
basin, and considerable work has been done preparatory to the instal- 
lation of an hydraulic plant. Above this basin for a distance of about 
1 mile the valley is made up of smaller basins separated by rock 
gorges and contracted sections of the valley^ through which the stream 
has a decidedly increased grade. 

There is no timber in the basin except alders and small brush. 

Small water power could be developed in the sununer at sections 
above the mam falls, where the fall is concentrated for short stretches. 
In the lower section of the creek a head of over 800 feet could be 
obtained by a pipe line less than 1 mile long leading to a power 
house on the beach, where probably a thousand horsepower could be 
generated for 6 or 7 months in the year. The discharge, however, is 
subject to wide variation, and from November until May it is doubt- 
ful if it would be sufficient to warrant the operation of a plant. The 
basin receives a heavy snowfall, causing large snowslides which would 
require costly construction to protect a pipe line. A horse trail 
leading up the basin along the west side of the valley is dangerous to 
travel and at times impassable during the fall and springs when the 
slides are most active. A dam could be easily constructed at the head 
of the falls and small storage could be obtained, but ground now 
claimed for placer raining would thereby be flooded. 

Gold quartz prospcctvS have been found near the head of Gold Creek, 
but very little development work has been done. 

OOLD OSSBK amA& VALOIS. 

This station was established September 8, 1913, at the head of the 
falls on the left bank of the creek at an elevation of about 800 feet 
above sea level and just below the Budd Ifining Co.'s camp. Dis- 
charge measurements were made by wading. 
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Diteharge tneattaremenit of Gold (Mb near Valdeg, Abuika^ tn J91S, 
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a Section oae>haIf mile below gage at mouth of creek. 

b Section <me4iaU mile above gage at upper end of lower hasis. 



Mfygageht^^ tn/tU, and diieharge, in second/eHt of Gold Ctuh near Vaidea, AUniOf 

for 1913. 



[Dnimt» vm, M aqtian mOet. W. R. Vm Ommii, obMiw.] 
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Note.— Discharges computed from a rutins enrve (:iiriy well delined between 15 and 40 second feet. 



SHOUP BAT. 
OSVBBAX. TKATUWEM. 

Shoup Bay is un uriii of Port Vulde/. near its nurtliwtt^t corner. 
It is about 2 inilo« InTiir i^ud varirs in width from ono-fourth to 
three-ftuirtbs mile. Many of tiic most im})ortaut ^old quartz wins 
of the Valdcz district occur near Slioup Buy.' Tho entrance to the 
hay is shallow, hut there is a narrow channel that is snfRriontly deep 
fur small Ifninclics. The main drainage into the bay is from Shoup 
Ghteier, which reach<'s (h)wn to tidewater. It <h8charges large 
quantities of silt and has built up a broad mud at the head of 
the bay. 

Uiio ( reek discharges into the bay near the northeast comer. It 
drains a roughly circular-shaped area comprising 5 square miles east 
of Gold Creek. Uno Basin occupies tlio central part of the area and 
is not as steep sloped as tlie bounding ridgos, w!iich rise sharply, 

> 8m BroalEi» A. H., op. cit.* pp. 123-I3B. 
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rett<'hiiig a maximum elevation of 5,44') feet on the north. Between 
Uno Batiin and tidewater tlic ( [cck dt^scends in a series oi" rapids and 
falls throiifjh a height of l,OUl) feet in a hcrizontal distance of hut lit f lo 
OTcr oiuvhalf mile. Several hundred horsepower eould he developed 
at the falls from May untd Oeto])er, but after October the flow 
decroft«»es rapidly, and it is lielieved that there woidd be a period of 
8ever»U mouths iii the winter and early spring when it would be too 
small for practical use. 

Estimates of disn!inre:o were made at the month for part of the 
summer of 1913. (See tahle, p. 96.) The minmiutn discliurf^o meas- 
ured was 2.5 seeond-feet on Novenii)er 20. At tiuil time tlie creek 
was frozen soUd for much of the way hetween tlie f'x^t of the falls and 
tidewater and the snow wa.s about .3 feet deep. Because of lieavy ice 
and snow tlie uidy section where a measurement could he made with 
reasonal)l<' urcuraey was just below liigh-tide level at time of low 
tide. Tile nrtual thschari^t' iimy liave l)tH'n somewliat L'reater than 
measured bwauso of seepage tiirough the beach sands, aver which, the 
<areek flowed for a shcrt distance a])ove the measurinjr se<'tion. 

The How of Uno Creek is derived idmost entindy from rainfall and 
melting snow. The only glacier in the basin is. small, coreriug an 
area of oidy about GO acres. 

Mc.:Vhster Creek enters Shoup Bay from the west* It drains an 
area of 2.5 square miles. 

Tiiere is said to be opportunity to tleveiop water power in the sum- 
mer from streams flowing to the maigin of Siioup Glacier from high 
mountains to the north. 

UirO OXKBK AT 8B0U7 BAT. 

This station was cstabhshed August 5, 101.;, <m tiie riglit l)uuk of 
the creek about 300 feet from high-tide h^wl and just below the 
proposed taiiiace from the Sea Coast Mining Co.'s water-powor plant. 



DMarffe meaturmentB of Uno Cndk at Shoup Bay in ISIS, 



Date. 


height. 


1 

nis- 
charge. 


Date. 


hei^^U 


chargo. 


Uaj 8 


FM, 


Src.-ft. 
6.3 
54 
<U 
14.0 




FnL 
116 


8L1 
7.3 




3. IS 

a. 18 










■•pt 7 
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WATEB POWER IN SOUTH -CENTBAL ALASKA. 



JMfygagthtig^it, tn/oa, ond^aAarfftf tnmami'fBel, qf Una Credk at Shoup Ba^fcf i9tS. 
[Drainage area, 5.0 square m]l«. B. U, It«di|i«tta, olMMT«r.| 
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A. DAVIS LAKE FROM POINT NEAR OUTLET. 




J?. PALLS ON DAVIS CREEK BELOV/ LAKE. 
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MISCELLANEOUS MEA8UBEMENTS. 
« 

Hie results of miscellanoous discharge moasuromonts made in 1913 
on streams discharging to Port Valdoz are given in the following 
table : 



Miaullaruous measwrcmcnU on streams tributary to Fort Valda in 1913. 



PtttC. 


Stream. 


Tributary to— 


Locality. 


I)l9- 

ebarga. 


Drain- 
age 
area. 


Dis- 
charga 
per 

s(jn;irc 
mile. 


Mar 7 
<t 

Nor. 24 
Oct. 17 
34 

Mar 10 

Oct. 24 
Not. 24 
Oct 94 

M 

24 

Mar 8 








Vtf ft 

12.7 
l&O 
a35 
92 
28 

n 

74 
37 
4.4 

a.8 

9L4 


oy. ml. 




# • • • ado* mmm • • 

do 


■ ■ • • • do* • 
do 


• ■ ■ • • do* ■ • 
Mouth 








do 

do 


Foot of Heidcn Canyon . 
Between Brevier and 

G Inrier Crp«k at etOT»- 

tJon 650 feet. 
At lower cnnyOD, OtoVft- 

tion 100 feel. 

do 


b 50 


LS 






9» 

39 
39 
4.9 


X€S 

1.90 
.95 
.90 




-...do. 




Mfanral Crook 


BtevmtloiL too toot aboro 

montli. 
BleviatfcmlflO tatabov* 

month. 
Klevatlon IJOOO foot 

atM)T« month. 


East liork of libMrsl 

Crook. 
IfcAllstirCroek. 




3.8 
Z6 


.10 
.99 



« EsUmated. h Aj^proxtmata. 



BAOISX BAT. 

Eaglek Bay lios n])out 12 miles east of Port Wc^lls, between Esther 
Passage on tho west and Unfikwilc Inlet on the cast. About a mile 
from tho liead on tho west is a small cotp into which flows an un- 
naniod stream that is locally considerod to alFord ono of tlio impor- 
tant water powers of that section of Prince William Sound. It falls 
directly into salt water tiu'ough a height of about 200 feet over a 
nearly vertical rock blufT. (See PI. XIII.) About 250 foot from tho 
head of the falls tho crook leaves a lake or series of lakes astimatod 
to be 2 to 3 miles long and ono-fourth to one-half mile wide. No 
information is available regarding the extent of the drainage basin or 
the sonrco of the water. As seen from a point a short distance from 
the falls» the inflow apparently is mainly derived from the slopes of 
high mountains east of Davis Creek. 

Between tho outlet of tho lake and the head of the falls — a dis- 
tance of 200 to ."^00 foot — the creek is confined between steep walls 
and falls about 10 feet. A dam could there bo constructed with a 
bottom width of about 100 feet, and it would probably b(^ practi- 
cable to raise the level of the lake 50 feet or more. A solid rock 
foundation could probably be obtained with small expense. Water 
could be cheaply carried to a power house at sea level by a combi- 
nation tunnel and pressure pipe or pressure pipe alone. 

97801*— W8P 972— 15 1 
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WAX£& fOWEB IN SOUTH-CENXBAL ALASKA. 



Assummo; a storage area of 1 square mile a dam 50 feet high 
would store sufFirient water under liead of 200 feet to produce about 
700 horsepower for 365 daj^s witli an eflicieucy of 70 per cent at the 
wheel. That would require a continuous discharge of Hj)})roximately 
44 second-feet. The only data available regarding tlie discharge of 
the stream are two miscellaneous measurements list<»d below. ^Viih 
those measurements and a knowledge of the high rate of nm-off that 
occurs tliroughout Prmcc William Sound from May until Septend^er 
it seems reasonable to believe that nn average flow of con^siderably 
more than 44 second-feet could be c x[)ected throughout the year. 

There is cousiderable fair-sized timber along the shores and lower 
slopes adjoimug Eaglek Bay. 

MiaedlaneommeaautemeiUi, 





StiMIlL 


Tributary 
to— 


Locality. 






UnnaoMd... 


£«gtek6«y. 


Above fidb.. 


8S 








• 





POBT WBIXS DISTRICT. 
OXN2SAL FBATUBB8. 

Port Wells fomis the extreme nortiiwest part of Prince 'William 
Soimd, of which it is the largest fiord. From the head of its northern 
arm, College Fiord, to the head of its southern arm, Cochrane Bay, 
the distance is about 50 miles. Harriman Fiord, Bettles Bay, Pigot 
Bay, Passage Canal, and Blackstone Bay are western arms. The 
eastern side has a more regidar shore lino. It is surrounded by a 
country of bold relief. Most of the tributary valleys are occupied 
by glaciers. lu liie larger ones the ice generally extends down to 
or near tidewater, thus elinunating all opportunity for water-power 
development. Most of t\ui small streams come from glaciers located 
in tlieir headwaters. All have a large run-off iu the sunmier, but in 
tlie winter their flow undoubtedly becomes very low and offers but 
small possibility of power devtdopment except where it cjui bo sup- 
plemented by storing excess flow during the smmiicr and fall. 

Gold-lotle prospecting is in progress near Port Wells.* On some of 
the proj)erties considerable development work has been done, and it 
is reported that several small stamp mills are to be installed. The 
town of Golden (sometimes called Port Wells), ou the east side of the 
fiord 4 miies north of Esther Passage, is the local supply point for 
the district. A weekly launch service is maintained between Valdez 

I S«o J«iiiiMa, B. L.,T1» Fort Wellt sold dlitrki: V, S. OmL Banff BiiILM9i«]q|». IflMM^ VUL 
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and Port Wells and ocean-going TeaaelB occasionally- «nter the fiord 
to discharge freight. 

The shores are quite generally timbered with sprace up to an ele- 
vation of a few Wndred feet. Most of it is stunted and scraggy, 
though there is a limited quantity of good-sized trees that are suitable 
for saw logs. 

This report is based on a hasty recomiaissnnco of stu auis entering 
the central part of the hord, where prospecting is being carried on 
most actively. 

DAYIS CREEK. 
CDBSSBAX. IXATITBm. 

Davis Creek enters Port WeJls at the town t)f Golden. It has its 
source in a lake at an elevation of about 140 feet above sea level. 
(See PI. XIV, ^1, p. 97.) The lak(^ is about half a mile from tide- 
water and is estimated to be about 2 milc^ long and one-quarter mile 
in average width. It is said to be very deep. Hifjh mountains rise 
abruptly from all side^i. Many glaciers and largo snow banks occupy 
depressions between the peaks and on the slopes of the mountains. 
Betw eeik the lake and salt water is a ])road, open valley, through wliich 
the creek flcnvs in a deep box canyon for most of the way. (See 
PI. XIV, B.) There is an excellent oj)portTmity for the construction 
of a pipe line to rxury water from the lake to a ])ower house on the 
beach. A dam 25 feet high with a top lengtli of about 150 feet could 
be constructed near the outlet of the lake. A solid rock foundation 
could undoubtedly be obtained. A ])ower sj^stem could be easily 
installed on Davis Cr(^ek, and for six or seven montlis each year the 
flow would probably i)c ample for a plant of several hundred hoi*se- 
power, but in the whiter the flow probably becomes very small during 
protracted periods of low t<unperature«, and at such times would have 
a capacity of loss than one hundred horsepower unless storage was 
provided. ' 

PAVIS CBKEg AT OOLDEN. 

A gage was installed on Dayis Creek on August 6, 1913, at the foot 
of the first falls below the lake, at an elevation of about 100 feet above 
sea leveL llie channel below the gage is considered permanent. 
Measurements were made by wading just below the outlet of the lake* 



I>iKhargc nusaswremenU of Davit Creek at Golden^ Alaska^ in 191S, 





Gage 


Dis- j 
charso> 


1 Dale. 


Gttgfi 






Fctt. 

4. so 


Sce.-ft. 
170 

46 




Fea. 
4.48 


21 


Oct. 9 





757881 
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WATER POWEE IN SOUIU-C£NTBAL AlJkSKA. 



Dmly yage height, in feet, and dimharge, in neond-feet, of Davit Cm^ at CMden, JJtuia, 

for 191S. 

lAlnc Bagrar, otistmr.] 



1. 

2. 
3. 
4. 

a. 

«. 

7. 
8. 
9. 
10. 

n. 

12. 
13. 

u. 
li. 

16. 
17. 
18. 
19. 
20. 

«. 
22. 
23. 
24. 
3$. 



Day. 



2B. 
37. 
2S. 
2». 
30. 
31. 



August. 



October. 



Oaca 



5.57 
5.94 
G.40 
5.9S 

5.f>S 
5. 5.' 
5.4:1 
5.41 
6.43 

5.40 
5. 44 
6.41 
5.30 
6.32 

5.40 
5.4.S 
5..V) 
5.40 

5.e2 

5. S4 

tl. 70 
0. 4:{ 

5.W 
4( , 
6.3() 



chwge. 



173 
270 
437 
281 

■.>oo 

ir^ 
110 
135 
137 

m 

142 
135 
113 
117 

133 
l.M 
155 
140 
184 

242 
5<M 
4ls 

Un 
lU 

19» 
C. 





DJs- 
ehais*. J 


5.10 


77 


5.10 


77 . 


A02 


63 . 


4.94 


62 . 


4.80 


46 . 


4.80 


43 . 


4.84 


42 . 


4.82 


40 


4.83 


40 


4.80 


86 . 


5.10 


77 


6.41 


135 


5. tV2 


184 


5.8.1 


23S» 


6.6G 


248 


<i.22 


3.';2 


G. 10 


310 


5.40 


133 


5.80 


231 


6.02 


lU 


5. 38 


129 




390 


7.20 


04^4 



.SKI 



c. 



4.77 

4.72 
4. 02 
4-01 

4. eo 

4. 02 

4. 03 

5. 10 

6. 08 

5.10 
5.7>* 

5. C7 
5.20 
6.04 

4.91 
4. V> 

4.S.i 
4.M 
4.4S 
4.33 



Dis- 



4& 
41 

30 
32 
26 
26 
25 

26 

27 

8.8 
346 
200 

77 

?20 
1''7 

95 

67 

48 
45 
43 
41 
21 

17.4 



7A1 
C. 



N«v«mlMr. 








Qa£e 


Di»- 


4.?2 


32 


3.93 


ii.e 


4.92 


50 


3.91 


ILI 


4.72 


82 


3.91 


11.3 


4.n 


32 


3.90 


11.1 


4.96 


64 


3.89 


11.1 


4.91 


48 


3.gS 


ll.fi 


4.88 


45 


3.90 


11.2 


4.81 


39 


3.88 


11.0 


4.79 


37 


3.86 


10.7 


4.77 


36 


3.86 


19.6 


4.41 


10, 1 


3.M 


10.5 


1.31 


17.it 


3.83 


It}. 4 


4.31 


17.0 


3.9s 


i: 


4.31 


17.0 


4.16 


14.5 


4.28 


16.6 


4.33 


17.4 


4.20 


10 1 


4.4.') 


20 


4! 33 


17.4 


4.48 


21 


4.40 


20 


4.50 


22 




20 


4.67 


29 


4.48 


21 


4.71 


32 


4.73 


21 


4.73 


33 


4.0('i 


20 


4. 71 


32 


4. 48 


19 


4.64 


28 


4.46 


18 


4.49 


21 


4.46 


17 


4.48 


21 


4.41 


10 


4.47 


21 


4.40 


15 


4.45 


20 


4.39 


14 


4.43 


19.6 


4.37 


13 


4.41 


19.1 


4.36 


12 


4.39 


1S.6 






4.38 


18.4 




26.1 
C. 




17.6 
D. 











Note.— GacelMfghtoaaectMl by ioelfom Nov. 21 to30. 
aw* fairly well dcfliMd betWMQ 30 and 200 Beoood-faet. 
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AVERT BIYEB. 

Avery Rivor is a tributary to Port Wells about 2 miles north of tho 
town of GoWen. Tt drains an area of rugged relief similar to tliou^li 
somewhat liir;zer than that of Davis Creek. Tho main stream f(»rms 
in a Iftriz;^ f,4acial cirque, from which it cmer^os at an eh'vution of 
about 100 feet above sea level. A small, shallow lake at the base of 
the cirque covers an area of 5 or 6 acres. Tho distance from the out- 
let of the cirque to tidewater is about one-half mile. At its mouth 
Avery River has a nearly vertical drop ot about 60 feet, falling directly 
into salt water at high tide. (See PI. XV, B,) 

Power conld l)e developed on Avery River either by utilizing the 
entire fall of 100 feet by carrying the water in a pipe from the outlet 
of the cirque to a power house located at any convenient point on the 
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beach, or by building a power house at the foot of the falls and leading 
the water directly from the head of the falls through the turbines. 
The latt^^r method would be cheaper, because it would not require so 

long a pipe lino jxs the former. Tlic particidar typo of plant that 
Would be best suited for the ueetU would depend ou the amouut of 
power roquired. 

Considerably more power could undoubtedly be developed by 
utilizing the entire head, though the increase in power would not be 
m direct proportion to the differenre in head, since the dischargo 
woidd be somewhat greater at the lower intake, and the friction head 
lost in the pipe line would tend to sliglui^> decrease the advantage of 
the liigher head. A dam 30 to 40 feet high could be constructed at 
the outlet of ilie cirque, with a top length of about 300 feet. Con- 
siderable storage would thereby be obtained. Several feet increase 
in head could be obtained by constructing a dam across the canyon 
at the head of the fulls. A small sawmill was erected in the siunmer 
of 1913 at the foot of the falls, and was operated hy an overshot 
water wheel. 

The minimum How during the period covered by the records below 
was 4^ second-feet on November 26. With an efficiency of 70 per 
cent at the wheel, that dischargo could produce about 350 horse- 
power, using the entire head of 100 feet, and a little over 200 hoi-se- 
power at the lower falls under a lu^id of (iO {cvt. Sufficient storage 
might be provided to assure that amount of i>ower throughout the 
winter, but without storage it would probably be less than half that 
quantity at minimum flow. 

A gage was installed on Averv Kiver on August 7, 1913, on the 
right bank of the creek, about 300 leet above the falls. Low-water 
measurements were made by wading above the fulls. At high stages 
t}i<>y were made below the falls from a boat when the tide was low 
and the river had an unobstructed tiuw. 



DwiuiTge inetmKnmmU of Avery Rvotr mar GbUSm, AlaAat tn 19tS, 



Dftte. 


Oace 


1 

Dis- 
charge. 


Date. 


heighL 


Dis- 
cliarge. 




4.98 


8te.-f(. 

198 


Oct. 10 


Feet. 

4.27 


Sec.-fl. 

.17 
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WATEB POWEB IN SOUTH-CENTKAL ALASKA. 



Daily gage heuAt, in feet, anddkAargey inteeond-feet, of Avery RwernearQoUait, Akaka, 

for ms. 



.1 



Dir. 



I. 

2. 
8. 
4. 

5. 

6. 
7. 
8. 
V. 
10. 



11. 

12. 
13. 
14. 
15. 

16. 
17. 
IS. 
19. 

20. 

21. 
22. 
23. 
24. 
2S. 

26. 
27. 
26. 
26. 
86. 
81. 



Mean 

Accuracy . 



AUfttsL 



Oaoe 



4.98 


I'M 


5. 78 


41:. 


5.50 


3i7 


6l30 


256 


5. 10 


■jj'.t 


-<.9»V 


I'M 


4. OS 






199 


4.96 


190 


404 


189 


4 98 


199 


4.98 


199 


4.96 


m 


4.66 


190 


5.40 


309 


5. 20 


255 


5.10 


229 


&.80 


421 


6.60 


366 


6.10 


220 


6u82 


«744 


6.42 


816 


6.00 


204 


4.00 


170 


4.70 


133 




264 




D. 



466 

460 

4.42 
436 
430 

4. 32 
4.aj 
4.30 
430 
426 

-» ?6 
4.30 
4.54 
6.00 
6.70 

5.20 
4.8S 
4.78 
5.23 
496 

4. TO 

5. 42 
I 7. SO 

7.60 
6.60 

6.62 
6.10 
6.18 

5.02 
6.60 



129 
98 

79 
70 
61 

U 
64 
61 
61 
66 

5f< 
61 
101 
204 



i74 
151 
2fiO 

m 

133 
315 
0999 
a 912 
a622 

871 
229 



371 
651 



248 
C. 



Octobar. 



Oaffft 



&80 
496 

4 78 
4 76 
474 

4. .'k- 

4. :>L.- 

4. 

432 
428 

4 2C 
4- 19 
4- I'i 
416 
416 

4 14 
4. 10 
4 08 
404 
464 

4 64 

5. 26 
4. GO 
466 
438 

428 
426 

420 
438 
6.04 
&08 



866 
194 

151 
146 
142 

m 

U3 
7:? 
6-1 
68 

56 
4? 
44 
44 
44 

4J 

:\\ 

M> 

101 

120 
271 
112 
104 
78 

68 
66 
48 
73 
• 480 
224 



1S6 

a 



Gago 



6.00 
6.20 
482 
450 
444 

434 

4 2S 
4 :jt> 
4. 24 

430 

4.22 
4. SO 
4. 20 
4.24 
420 

4 20 
4 19 
4 l^ 
416 
418 

4. 20 
4 18 
4 18 



416 
418 
428 
424 
420 



•ApfiRHdnuite. 

NoTs.— Disohario oompotad from a rating cunra that 
doflaed betwwn 60aiid 236«ogiid4Mt. 



WW iMflBd on two nwMoniiMntt tad 1$ fairly ««a 



HABBISON LAGOON. 

Harrison Lagoou is a sinnll witelward projection from Port Wells 
near tho southwest comer oi iiarry Arm. T\w only tributary stream 
of coaseqiienro is Lagoon Creek, wiiuh niters near the northojist 
comer. It hojifls in a circnlnr-shnped lake estimated to be about 
ono-qnarter 1:1 ilr in diametiT. From the lake to sea level the creek 
falls more than 300 feet in a distance of 1 J to 2 miles. Abovo the 
lake the mountains are high and sleep. Between the lake and the 
lagoon is a broad valley through wliich the stream flows ill a succession 
of falls, rapids, and stretches of moderate grade, keeping dose to the 
foothills on the north. la the last 500 feet of its course the creek 
faUs nearly 100 feet. Tliero is considerable timber on the valley 
sides, but open, meadow4ike expanses cover much of the lower leyeis. 
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The lovol of the Inkc could ho raised about 10 feet by a dam about 
50 feet long at the base aiid 200 feet at tlio top. The topography 
affords a fair opportunity for the construction of a pipe hne to tlio 
lagoon. Sufficient power could probably be developed in the summer 
to supply any ordinary mining needs that are liable to arise in the 
immediate vicinity. In the winter the run-off undoubtedly becomes 
very low and the storage that could be obtained would only be suffi- 
cient to equalize the flow over short periods of time. A flow of 9.0 
aecond-feet as measured at the outlet of th(^ lake on November 20 
under a head of 300 feet, would develop about 215 horsepower with 
an efficiency of 70 per cent. The discharge at the mouth of the creek 
is increased considerably over that at the lake outlet by numerous 
small channels from the side slopes. 

The result of a miscellaneous measurement made on the creek 
in 1913 is given in the table on page 105. 

UOBO BAY AND CREEK. 

esmRAi. vsATmsa. 

Hobo Bay is a small indentation from the west side of Port Wells 
between Harrison Lagoon on the north and Bettles Bay on the south. 
ITobo Creek rise^ in tlie divide east of Harriman Fiord, and flows 
S(»utheH>^t with a tolul l< ii<rth of about 2^ miles, entering iiobo liay 
at the hea<l. It is reported that its main source of supply is from 
glaciers and laij^e snow banks near the head and that the stream drops 
rapidly as it leaves the monntaina. Most of its coui'so is tlirougii a 
broad valley with a moderate grade. The lower end of the valley is 
contracted by a spur from the south, through which the cr<M»k has 
cut a canyon in the rock. A dam could there be constnictcnl with a 
height of 50 or (H) feet and a small storage would thereby l)e provided. 

The discharge on November 17 was 19.2 second-feet. That dis- 
charge, under a head of 50 feet, would produce only about 76 horse- 
power with an efficiency of 70 per cent. From the above date until 
the following May the flow would be considerably less for most of the 
time. 

HOBO C&S£X H£AS. OOLJ>SK. 

This station was established August 8, 1913, on the right bank of 
the creek just above high-tide level. 



Diacharge meamnmmU of Hobo Creek near Qolden in 1913 » 
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DaUjf gage licight, in feet, and dii^rge, in teeond-feet, of Hobo Crmk near Oddenfor 19tS. 



[Cris. Evnson, obMnrcr.] 
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HUMMKE BAY. 

Hummer Bay is situated about 2 miles soutli of Bettles Bay. 
Two f air-eized streams enter the bay at the head. The northern 
one is called Hummer Creek ; the one to the south is unnamed. They 
were not yisited except at the mouth, but prospectors living near 
stated that there were no natural power sites on either stream. 
They both flow through a broad silt-floored valley before entering 
the bay. At the time of the writer's visit, on August 8, 1913, each 
showed a high run-off, due to heavy rains and rapid melting of snow 
and glaciers in the headwaters. They are said to get very low in 
the fall and winter and at times go dry at their mouths, tiie smaD 
flow then passing through the porous sands beneath the stream bed. 

HI8CBLLANBOU8 UBASVBEUBKT5. 

The results of miscellaneous discharge measurempnts mado in 
1913 on streams tributary to Port Wella are given in the foliowiog 
table; 
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Miscellaneous measuremenis near Fort Wells in 191S. 





StNMII. 


Tribulvy to— 






Aug. 8 
Nov. 20 

8 






Lain oottot dmwtlaii, 100 ft. 

do. 


0.0 

" 210 
-ICO 






Mmtb 




do>...... 


.....do 









" H: J) ri;n-otT due to henyy niiiis aiid rapid mcltingQf noiPatldglMilarioetnllMldinktaa. ThWllWIBI 
are said to go dry at their moutlis in the winter. 
*TMgitwim tntait Humnw Bay at tho hood aouth of Hmmaer Creek. 



P£V£IiOP£I> WATEK POW£&. 
OBNEKAL OONDinONS. 

The water powers of Prince William Sound remain practically 
undeveloped. Cordova and Valdez are the only sottlcmonts of 
sufficient size to justify the installation of plants for lighting. Mining 
has not yet reached the stage where a sufUcient future is assured 
to warrant the construction of expensive hydroelectric plants. 
Several plants have been instaUed for mining, but they are of small 
capacity, cheap, and temporary in construction, well suited for the 
needs of a property during the development stage, or for a small 
mine where interruption in service is not serious and a small amount 
of ore is available. 

COBDOVA. 

Light and power for Cordova are furnished by the Cordova Power 
Co. Tlie plant, wbifli is on the east shore of Orca Inlet about 5 miles 
north of C/ordova, was built in the winter of 1908-9 and first put in 
operation the following June, and e.xcept for Aiori periods it lias been 
in operation continuously since that date. A steam plant is used as 
auxihary when tiie water supply is insuflieient. From about the 1st 
of May until tlie 1st of T)(H'ember there is said io be ample water to 
supply the present d(Muunds for enert^y. but for the remainder of the 
year the steam plant is likely to be required at any time. 

Water is diverted from Humpback Creek by a rock-filled timber- 
crib dam to a 30-inch continuous wood-stave pipe loadincr to the 
power house, a distance of about 1,350 feet, where n maximum gross 
head of 156 icct is obtained. The dam is 45 f(N't higli, 86 feet long at 
the bottom, and 111 feet at the cn^t. and is 7'J feet wide at the bot- 
tom, taperinj::; to a width of 10 feet at the top. This type of construc- 
tion wjis adopted because tliere was plenty of roek and timber handy 
to the dam site. The entranee to the pipe line is placed near the 
bikic of the dam, and is provided witli suitable head^ate and tapered 
connections. Trouble is sometimes caused by sand and gravel 
being brought down during high water and blocking the inlet screens. 
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Tlio water wheel is a 43-inch Pelton. desiojiuHl to develop a maxi- 
mum of 200 horsppowor under an etfective head of 148 foot. It is 
provided with double nozzle. The upper vent is regulated with a 
hand-operated needle. The lower one has a plain, open-type dis- 
charge, and during the winter it will permit the passage of ice parti- 
cles that might clog a needle nozzle. Directly connected with the 
wheel is a r25-kilowatt 2,30()-v(>lt 3-phase 6()-cycle generator. The 
excitor is a 9-kilowatt 12o-volt machine. A Pelton oil-prc^ure gov- 
ernor in connection with a liood deflector is used to regulate the 
speed. Current is stepped up to 11,000 volts for transmission to 
Cordova. The line follows along tlie steep hillside a few hundred feet 
above sea level. Snowslides sometimes cnuse serious damage at cer- 
tain points along the line, and falling timber is a source of consider- 
able trouble during wind storms. The steam equipment consists of 
two 150-horsepower boUcrs and a 250-horscpower compound engine. 
Crude oil is used for fuel. A 1 ,600-barrel tank is provided for stor- 
age. The steam plant is used during low-water periods while the 
reservoir k filling. It is seldom operated more than 4 or 5 hours oon- 
tiniiously. 

Water power is also developed for the operation of a sawmill situ- 
ated near the ocean dock. Water Is collected in a small reservoir 
created by a timber dam across a small gulch back of the mill. This 
supply is augmented by a system of contour ditches which collect the 
water along the hillside and lead it to the reservoir. A head of about 
170 feet is obtained at \hc miU by carrying the water through 1,800 
feet of pipe consisting of 450 feet of 14-inch riveted steel, 450 feet of 

15- inch riveted steel, and 900 feet of 18-inch continuous wood-stave 
pipe. The mill is operated by a 48-inch Tutthdl wheel and a 48-inch 
Pelton wheel with rated capacities of 90 and 60 horsepower, respeo* 
tively, dirrr t ly connected to the various machines and log hauls. An 
18-inch Tutthill wheel is used to drive seversl sm:ill machines and a 
5-kilowatt, 125- volt direct cuirent generator, which furnished dec- 
tricity for lighting. 

OBOA. 

The Northwestern Fishing Co. has installed one 36-inch and two 

16- inch Pelton water wheels at its cannery at Orca. Water is diverted 
from a sriuiU gulch back of the cannery and carried throu^^h 700 feetof 
8-inch riveted steel pipe to the wheels, where a head of about 240 feet is 
obtained. The flow of the stream is sufficient for the operation of the 
wheels onl v when i\w nm-ofT is above the average, ownig to ruins or 
melting sntnv. Wat(*r pu\\er is supplementary to steam power. 
Large volumes of steam are required in connection with the canning 
j)rocesses. The company has installed two 150-horsepower boilers, 
also tliree 1 o-horsepower upright steam engines, one 1 r>-horsepowor 
gasoline engine, and a 7. 5-kilowatt direct-current generator. 



Digitized by Google 



FBIirCE WILLIAM SOUKD BEGION, 



107 



LANDLOCKED BAY. 

The Chisna Consolidated Mines Co. installed a small plant on the 
beach at the mouth of its tunnel severid years ago. Water is obtained 
from Chisna Creek under a head of about 50 feet. Two small Pelton 
wheels were used to operate a small sawmill, dynamo, and hoist, 
'llie plant wtus nearly in ruins in the summer of 1913 and oyidently 
iiud not been operated for some time. 

GALENA BAT. 

The plant of the Galena Bay Mmmg Co. is on Bot tle Creek a bout 
IJ miles from the ba^^ A rock-filled timber-crib dam 25 feet 
high crosses the ereek at the head of a rock goi^e. Tiie power house 
i> situated at the base of the dam and contains a 150-liorsepower 
I niiuis tm'bme and a OO-kdowatt dynamo. The fall between the 
the crtst of the dam and tlie base of the draft tubes is about iS feet. 
The elcclnciiy has been used for ii<j:iuin<:; and to operate au air com- 
pressor at tiie mine. The plant has nut been in o})eration for several 
years. Tt is said that the water supply was inadequate much of the 
tune daring the winter months. Mea«?iirements of stream flow oa 
ik>ttle Creek are published on page 84 of this report. 

FORT VALDEZ. 

BOiiOiKur amLOK. 

TWo mtar-power plaats have been installed on Solomon Gulch. 
Hie lower plant is on the beach at the mouth of the creek. Thb 
plant was constructed about 1904, and until July 1, 1913, was oper- 
ated under lease. The lease was held by the Alaska Water, Light & 
Telephone Co. after June, 1907. The essential equipment consisted of 
a 150-kilowatt generator operated by a Pelton water wheel. Water 
was diverted from Solomon Gulch about one-half imle from the power 
house at an elevation of a])out 400 feet, and carried in a 2 by 3 foot 
Hume for about one-fourili mile to a point on tlie ridge facmg the 
bay, where it was conducted throu<^h a rivet etl steel \n\)o to the ])i»wer 
house below. The pipe is is inches in dm meter at the upper end and 
12 inehes at the power house. About 1,500 feet ai)<)ve the intake, 
ut the head of the rapids, a dam 14 feet high was built to create 
storage to carry the dady peak load during low-water j^eriods. The 
energy was transmitted to Valdez for use fur lightmg and power. 

The company has an auxiliary steam plant at \'aldez that is used 
in rase of an interruption in the hydroelectric service. It is also 
available as an auxiliary power at times of low water. It is under- 
stood that the water supply even at times of miiumum flow in the 
winter is ordinarily sufficient to furnish all the power that is demanded 
of the system. 
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In the spring and summer of 1913 tiiie Alaska Water, light & Tele- 
phone Co. built what is now sometimes known as the " upper plant." 
The power house, which is situated just above the intake of the lower 
plant, is a IJ-story wood building, 25 b} 45 feet in dimensions. 
Water is diverted through the base of the storage dam, 1,500 feet 
above, and carried in a continuous wood-stavo pipe made up of 500 
feet of 36-inch, 500 feet of 33-mch, and 500 feet of SO-inch, to a 26- 
inch special Francis turbine rated at a normal capacity of 375 hone- 
power, with a maximum capacity of 500 horsepower. An effective 
head of about 140 feet b obtained. The generator is an alterating 
current, 60-cyclc, 2,300-volt machme with a rated capacity of 150 
kilowatts. Provisions were made for the installation of a second unit 
like the above if the demand for power should exceed the inititd 
installation. 

The dam was raised to a lioight of 22 feet to increase the storage 
for use nt times of low run-ofT in tlie winter. It is constructed of con- 
rrete. Suiid and gravel were ohtniiKHl from the creek bed above the 
diuii site. Suitable switchboat are ])rovided at the power house 
and a set of transformers raises the current to 6,600 volts for trans- 
niii^sion. The line Is a two-phase system carried on wooileii poles, 
and extends from the power lioiise to Valdez, a distance of about 4^ 
mil<v. Across the tide flats at tlie hoad of the bay the poles were 
driven witli a j)ile (h*iver to a depth of 8 to 10 feet, at high tide. That 
was dojie to give them extra security at^ainst the action of Lowe 
River and other glacial streams that are continual sources *»[ troul)le. 

In the fall of 1913 the Valdez Electric Co. was or^^^anized to operate 
the old plant in competition ■with the one recently in>^t ailed. A 
transniissiou hne was built 1«» Valdez and the old water wheel was 
replaced by one of more modem type. Exact information is not 
avaUable concerning the operation of this plant, but it is undei>>tood 
that electricity was first transmitted to Valdez about December 1| 
1913. 

Measurements of the discharge of Soicmou Gulch are listed on 
page 97. 

A stamp mill was erected on Mineral Creek near the mouth of 
Glacier Creek in the summer of 1913. A 36-in( li Pelton water wheel 
was directly connected to the main shaft to furnish power. Water 
for the operation of the wheel will be obtained from Glacier Creek, 
at an elevation sufficient to give a head of about 170 feet. The con- 
duit con»ste of 200 feet of 10-ineh by 12^-inch board flume, and 600 
feet of steel pipe tapering from a diameter of 10 inches at the pressure 
box to 3 inches at the power house. 

The mill was built by the owners of the Momitain Kmg mine. 
It has two 1,200-pound stamps. The mine was closed about tho 
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time the mill wtis coinplotcd, so that the plant was not put in operation 
in the fall of 1913. It was plamied to commence operation in the 
spring of 1914. 
For stream-flow data, see page 97. 

vsoobuk. 

The Sea Coast Mining Co. began the installation of an hydroelectric 
plant at the mouth of Uno Creek in 1913. A power house of wood 
construction was built and a ripht of way was cleared of brush 
nnd prepared foi laMug a riveted steel ]V\pe line. It is proposed to 
divert tlie water from Uno Creek by a low, inexpensive dam at an 
elevation of 321 feet above the wheel shaft. The plans eontcniplate 
tlic installation of a 290-horsepower FraiicLs-Pelton turbine and an 
jiltcmating current generator of suitable capacity. A part of the 
energy will bp used to operate a small stamp mill tiiat the power com- 
pany }>]ans to erect. The excess power will l)e offered for sale to 
other imnes in the vicinity of Shoup Bav that may need power. 

Data regarding the How of Uno Crock are publi^ed on pages 95-96 
of this report. 

WAT£E-POW£B SITES. 

The water-power sites of Prince WiJliam Soimd are as a rule small 
but widely distributed. The northern part of the sound from Cor- 
dova to Port Wells was examined in some detail. In that section 
there is hardly a bay or inlet but what has one or more tributary 
streams on which small water powers could be developed for 6 or 8 
months during the year. During the months of low-water flow — from 
January to April— most of the streams reach a very low stage. There 
are but few streams on which more than two or tbree hundred horse- 
power could be developed at F^^iiiiiwwTn flow, and it is doubtful if 
there is a single stream on which a plant of more than 1,000 horse- 
power could be operated continuously without storage. There are, 
however, numerous sites where small to medium-sized reservoirs 
could be created, and thus many of the streams made to yield at 
least a small output throughout the year. 

One of the most favorable sites for storage is at Silver Lake on Duck 
River, near Galena Bay. Nearly the entire run-oflF could probably 
be controlled by a dam at the outlet, and a uniform output of 4,000 
hoisepower or more obtained throughout the year. Some other 
favorable power sites, though affording less storage than Silver Lake, 
are Power Creek near Cordova, Solomon Gulch near Valdcz, an 
wmamed stream entering Eaglek Bay, and Davis Creek and Avery 
River tributary to Port Wells. Detail descriptions of the various 
flitee are published on preceding pages. 

There is reported to be a power site on Lalouche Inland. The 
Beatson Copper Co. has obtained a permit fium the Forest Service 
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and IS making preliminarj inveBtigationB. Hie project mvolyes tiie 
diversion of the water of several creeks tlirou^ pipe lines into s 
reservoir formed bj damming a small lake* "From this reservoir the 
water is to be conducted to the wheds by a pipe line 4,200 feet in 
length. 

In the western part of the sound south of Port Wells there are said 
to be several good water powers, but no data are available regard]]^ 
their size or accessibility. 

The transmission of electridty is one of the most serious difficulties 
that win be encountered in utilizing the water powers. Steep rocky 
mountain slopes, dense growths of bush and trees, heavy snowfall 
and snowsHdes, glaciers and broken shore lines are some of the obsta- 
cles to be overcome. Unless a market can be created for the power 
within a short distance of its source it is doubtful if it will ever become 
of much value. There are, however, good harbor facilities in neariy 
all parts of the sound, so that ocean-going boate can be anchored 
within easy transmission distances from the powers. Submarine 
cable is now being manufactured that will carry electric current up 
to a pressure of over 20,000 volts, Ck>nsideraUe cable with a capacitj 
of 200 to 300 amperes for 11,000 volts working pressure has been 
used. Such cable, though expensive, might be practicable for use 
in crossing narrow bays and inlets where long land lines would be 
required to carry it around them, or to reach from island to main- 
land, or from island to island. It might also be of service m crossing 
glaciers where an overhead line would be very expensive to niaiiitaiii. 

Tlie manufacture of wood pulp should offer a ])articuhirly suitable 
use for the water powers because of the fact that both the timber and 
the power sites are near tidewater. It is claimed that pulp logs can 
be towed a distance of 150 to 200 miles at a permissible cost, thus 
eUminating the necessity of transmitting electricity for long ilistances 
to the mills. Any one water power in Prince WiUiam Souiul would, 
under such coudiLious, be within reach of the entire timber supply. 

KESAI FENlKStnUl. 

GENERAL FEATURES. 

Kenai Peninsula projects from the iUaska mainland in the north- 
central portion of the Gulf of Alaska. It has an area of approxi- 
mately 9,000 square miles, most of which lies between meridians 
148® and 152° west longitude and parallels 59° and 61° north latitude. 
The peninsula is bounded by Prince William Sound on the east, the 
Pacific Ocean on the south, and Cook Inlet on the west. On the 
north it is joined to the mainland by a strip about 12 miles wide, 
which separates Portage Bay and Tumagain Arm. These bodies cf 
water are arms of Prince William Sound and Cook Inlet, respectiveiy. 
Kenai Peninsula has a shore hne more than a thousand miles long. 
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The Buiface af the peninsula presents two widely differing physio- 
graphic featuiee. About three-fourths of its area, lying in the 
eastern, central, and southern parts, is characterized by high rugged 
mountains^ 5,000 to 7,000 feet in elevation, which are known as the 
Kenai Mountains, and by valleys deeply cut by the action of the 
fonn^ ice sheet that covered the area, and renmants of which are 
stin found in the higher portions of the peninsula. The remaining 
fourth consists of a broad lowland, about 25 miles wide, which slopes 
fnm an elevation of about 1,800 feet on the south near Eadcemak 
Bay to an elevation of about 50 feet on the north. 

The Eenai Mountains divide lies close to the eastern and south* 
eastern side of the peninsula so that the drainage is prindpally toward 
the west and north and the streams flowing into the Pacific and Prince 
WiDiam Sound are short. The largest of the latter is Resurrection 
River, which is about 25 miles long. It drains an area southwest of 
Eenai Lake and flows through a wide gravel-floored valley into the 
head of Resurrection Bay. Kenai River, the laigest stream on the 
peninsula, drains its entire central portion and discharges into Cook 
Inlet at Eenai. Its drainage area indudes two large lakes, Skilak 
and Eenai, and numerous smaller lakes on its upper tributaries. 
Easilof River drains Tustumena Lake and enters Cook Inlet a short 
distance south of Eenai. Tustumena Lake is about 22 miles long 
and 6 miles in average width. It is fed by several streams, some of 
which have their sources in the large glaciers in the Eenai Motmtains. . 
Two small streams, Chickaloon and Big Indian rivers, drain a part 
of the Eenai lowland and discharge into Chickaloon Bay near the 
west end of Tumagain Arm. The principal streams entering Turn- 
again Arm from the mountainous area of the peninsula are Resuireo- 
tion and Sixmik creeks and Placer River. 

The fact that steep gradients and waterfalls are identified witii 
streams draining areas of rugged mountainous relief make it obvious 
that the eastern portion of the peninsula would afford much more 
favorable opportunities for water-power development than the 
western portion. Moreover, gold mining, which is the most import 
tant industry of the peninsula and whid^ at this time presents the 
most promising market for water power, is confined to the moun- 
tainous area. The investigation of the water supply of the peninsula 
was carried on only in its eastern portion. 

JCmBBAZi &BBOTIBOB8.' 

Gold-bearing lodes have been discovered at many points in the 
eastern part of Kenai Peninsula, and at the present time form the 
principal mineral resource of that region. The most important lodes 

» Th« minml rw^onrce^ of Kpnni P(>nln<nb nro fnlly trwtpd In RTiIhHin 587 of tho T. S. r.«H)l(>'f:ic;il 
Surref, Geology and mioerel reaouroes of Kenai FeniosiUa, Alaska, by G. C. Martin, U. 6. Grant, and 
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are those near Fali» Cii i'k, l\)irupiiio Creek, aiid ^foosc Piuss. Gold 
quartz veins also oreiir at several localities betwccu Koiiai Lake and 
Seward. The veins so far discovered are idl small. Four or five 
stamp mills of smidl capacity have been instsdled and several similar 
installations are contemplated. Gold placers have been worked quite 
extensively on Sixmilo River and Resurrection Greek and their tribu- 
taries, also oil Cooper and Quartz creeks. Most of the I'ichest deposits 
are now worked out, and the future of placer mining on the peninsula 
depends almost entirely on whether the low-grade depoail8 which are 
practically unexploited can be made to yioiil a ])rofit. 

Considerable bodies of hgnitic coal occur in the wobteru part of the 
peninsula. In any comprehensive stud}' of the power resources of 
this n»gioQ tliose beds would be worthy of comiitleratiou. 

The Mataniiska coid field,* containing area^s of workable high-grade 
coal, lies al)out 65 inilos northeast of Turuagain ^\j'm, and the futiutj 
dcv(>lopment of this lield is a further factor to be considered in plan- 
ning extensive hydroelectric installation in Kcnai Peninsula. 

TOIBBR. 

Kenai Peniosula is quite heavilj timbered in most of its Tullejs up 
to eleyations of 1 ,200 to 1 ,500 feet above sea level. Spruce is the most 
plentiful variety and the most valuable for commercial uses, but hom- 
lock is found in some localities, and also poplar, birch, cottonwood, 
willow, and' alders. The alders cover the mountain slopes with dense 
and often almost impenetrable thickets to elevations considerably 
above the limit of the spruces. A luxurian t growth of wild hay can be 
found extending well up into the timberloss area, but nearer the sum- 
mits the mountain sides become craggy and rock strewn and support 
only a hmit«d moss growth. 

Except for a strip across the southeastern side, the peninsula lies en- 
tirely within the Clmgach National Forest. This does not mean that ■ 
the timl)er supply is generally distributed over the area because, in 
fact, the ruaUy valuable timber is restricted to a few localities. Im- , 
mense tracts have been destroyed by tlio ravages of forest lii-es, which I 
originated from careless campei"s or accidental causes. The countr}* I 
is too sparsely j)opuluU vl for detding with these tiros promptly and in I 
an effective way, and once started thoy can ([iiickiy reduce an uiea I 
covered by timber and moss which it has taken centuries to produce 
to a waste strewn aiul tangled with dead and falling trees. The offi- 
cials of the forest reserve huvo made energetic efforts to cojie with 
these iires, but too often their liandicap is so groat as to make their 
efforts ineffectual. The ollicials of the Gliugach NationjJ I orcst also 
have jurisdiction over the development of water power \\^thin iti • 
boundaries. 

> Martio. G. C . a:i<\ K ifz. F. J., OfplogJ 184 Oqol fltM» <l lOWtT MltiBttlft Vtiky, AlMkK V- & 

Qtoi. Siirv«y BulL 500, 1912, 
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The local spruce lumber was used to some extent in the structures 
of the Alaska Northem Raihraj, which has been built across the 
peninsulai for, although it did not show as great strength as Ihe timber 
from the StateSj in many places its use at about $25 per thousand f oet 
was found to be mofe economical than the latt^ at $35 to $40 
per thousand. Near most of the mining camps there is sufficient tim- 
ber of a quality satisfactory for mining structures. The quantity 
of timber which will square greater than 12 inch^ is very small. All 
demands for bettor grades of lumber are supplied from Seattle. The 
supply of timber suitable for fuel is plentiful, and with labor cost ing 
$'A to S4 per day vvitli board curd wood can bo procured at quite a 
reasonable iigure. 

GAGING 8TATIDH8 AJXD XBASUBIKG POINTS. 

The points at wliich gaging stations were maintained or discharge 
measurements made on streams in Kenai Poiiiusubi in 1913 are 
shown l)y tlio following list. Tiie numbers correspond to those given 
on Plate XVI. 

1. Lowell f'rrfk above pipe intake. 

2. Lowell 1 reek at mouth. 

3. Kenai I<«]E» at BooMVttlt. 

4. Kenai Biver at XemilBxedgiiiirCo/scamp. 
6. Ptamngan Creek at lake outlet. 

6. Ptarmigan Crock at mouth. 

7. Falls Crcrk jt intake of Skeen-Lechner ditch. 

8. Falls Creek at railroad crooain^. 

9. Graut Creek at mouth. 

10. Qnarta Greek at Falnna&*li OaUn. 
H. Lo0t Creek 3 milee below lake outlet 

12. Juneau Creek at mouth. 

13. Stet8r)n Crcrk at mrnitli. 

14. Cooper ( 'r('<'k al>o\ (' Sletson Crcek. 

15. Cooper Creek at mouth. 

16. Ruanan River | mile below lower lake outlet. 

17. Buasian Biver at mouth. 

18. Canyon Creek above Mills Creek. 

19. Sixmile Creek at Sunrise. 

20. Mills Creek 2 miles above mouth. 

21. Juneau Creek above upper ditch intake. 

22. Resurrection Creek above Gold Gulch. 

NuTX. — Black-fated typo indicates regular gliding statioDs; light-far«d tjpe points of uusceJlaiieous 

LOWELL CBBBX. 

Lowell Creek is one of the short streams that drain the eastern 
alope of iho Kenai Mountains. It heads in a high glacier west of the 
town of Seward; and in its course of approximately 5 miles drops with 
a YVj steep gradient to its mouth near the head of Kesuirection 

07891*— WSP S72— 15 8 
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Bay. (See H. XVII, A,) It depends for its summer flow principally 
on the melting of the snow hanks and glaciers; in winter its flow vs 
maintained by the occasional thaws and rains. Lowell Creek sup- 
plies water for' the operation of the hydroelectric plant of the Seward 
Light & Power Co., which is described on pages 131-133. 

Two discharge measurements were made above the pipe intake 
of this plant and one at the mouth below the return water from the 
wheel. The last shows a largo loss by seepage as the creek passes over 
the coarse gravel fan which it has deposited as it emerges from its 
narrow valley. 



J>i»eharff€ meaturmenU of Lowell Creek in 1911. 



Date. 


Ftttnt atmttmnmmt. 


DIa. 
charge. 


Date. 


Point of aMMaradMiit. 




Aug. 15 
OeC 38 




1&8 


Oct. 28 













TON8INA OBSBK. 



Power derelopmont has been contemplated on Ton«;ina Cn^ek, 
wliif'li is the next stream south of I^o"%ell Creek and enter-s Kc^nrrec- 
tion Bay about 3 miles soutli of Seward. The crpek is similar in 
character to Lowell Creek but drains a smaiJe" nmi. Obserralion 
has shown the winter flow to be small and uudepeudable, and the 
project was consequently abandoned. 

BSffDBBBCTION &IVB&. 

The largest of the streams flowing from the oastom slope of the 
Kenai Mountains is Resurreetion Kiver, whose drainage area lies 
southwest of Kenai Lake. It is al)out 25 miles l^no; and its mouth is 
at the head of llesurrection Bay. about 2 miles from Seward. 

Resurreetion River is a typical glacial stream, wild and unruly in 
times of flood, but decreasing to a rivulet in prolonged periods of low 
temperature. In its lower part it flows tlu-ough a flat gravnl valley, 
and in many places splits into several channels. (See PI. XVII, B.) 
The fall in this section is 25 feet to a mile. A scheme to develop power 
by diverting water in a canal for 3 or 4 miles and utilizing the head 
thus gained has been abandoned as impracticable. 

KENAI BIYEB DKAIIyiAG^ BASIN. 
OENEBAL PSATCBBS. 

Kenai River drains an area about 90 miles long in an east-west <lirec- 
ttnn and 20 miles in average width. From its month on Cook inJet it 
stretches nearly wcrom the central part of the peninsula to the head of 
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Snow River, its most i emote tributary. Snow River rises in the gla- 
ciers of the mountains bordering the shore of Prince William Soimd 
and c'ischarges into the upper end of Kenai Lake. Kenai I^ake is 
about 22^ miles loni^ and has an area of 22 square miles. (See PI. 
XVIII, B.) It seems probable that it was funnul l>y the deposition of 
gravels in the lower part of the vaUey by the glacier which formerly 
occupied it, and possibly the lake was scraped out and deepened ])y the 
same agency. Stre ams entering Kenai Lake are Porcupine, Pf arniigan, 
Trail, and Quartz creeks. Kenai River commences at the outlet of 
the lake tind in the 16 miles to its entrance into Skilak Lake is joined 
by fJuiK an and Cooper creeks and Russian River. Skilak Lake is 18 
mOos long and has an area of .SS square miles. No important drainage 
com^ into it. Below Skilak Lake Kenai River follows a tortuous 
course of about 50 miles thi*ough tlie flat, plateau-iike country to Cook 
Inlet. Two large tributaries, Killey and Funny rivers, enter from 
the south in this section. 

The eastern part of the basin is characterized by tlie rug!7cd moim- 
tains and glaciated valleys that have already been noted. Tiic former 
glaciers have also left their mark in the lakes which are found on 
several of tlie tributaries. Both of these features arc favorable to 
the development of water power, since heavy falls are usuidly con- 
centrated near the point where tlie hanging vaUey brealvs mto the 
nuiin one, and since also the lakes supply possible sites for storage 
reservoirs. Compai'a lively lieavy grades are found on ail the streams, 
at least oYer considerable portions of their courses. 

KENAI BIVER BETWl,i:-.N ivir-AAl AND SKILAK LAK£S. 

Eenai and Skilak lakes, or Upper and Lower Eenai lakes as they 
are locally known, lie 460 and 150 feet, respectiyely, above sea level. 
Thus, the fall of the river in the 16 miles between the lakes is approxi- 
mately 310 feet, and, as determined by aneroid, this faU is distributed 
akont as follows: 60 feet from the Coopers Landing at the outlet 
of Kenai Lake to the camp of the Eenai Dredging Co., about 3^ miles; 
70 feet from this point to the mouth of Russian River, a distance of 3 
miles; and about 180 feet in the remaining 9i miles. There are no 
falls on Eenai River and rowboate pass down it safely at ordinary 
stages, but the grade is concentrated in rapid stretches where the 
current is so swift as to make the hauling of boats up the river veiy 
laborious. For 4 or 5 miles below the mouth of Russian River it 
winds through a flat gravel valley in channeb that are constantly 
shifting and readjusting themselves. Through the remaining section 
the stream is confined to one permanent channel* 

The natural conditions on this stream suggest that the water power 
availablo could probably be developed moat comprehensively by 
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means of a diTeision dam, whieh would turn the flow of the stream 
through a canal to some point lower, where a power house could be 
huilt and the fall utilized. Although the fall of Kenai River is suffi- 
cient to make power development practicahle at many points, some 
of these points aro much more favorahle than others. Unquestion- 
ably power would first be developed in the vicinity of the rapids, which 
would limit the choice to three sites. There are rapids about one-half 
mile below Cooper's Landing, which is at the outlet of the lake; a 
second noticeably heavy grade in the stream is at Schooner Bend, 
about 5 miles from Coopers Landing, and a third is m the vicinity of 
the canyon, about 10 or 11 miles below the same point. Below Kenni 
Lake tlio river flows for several miles over immense gravel deposits of 
unknown depth, but ut the cnnyon mentioned above it passes out of 
tills formation and is confined between narrow rock walls for a short 
distance. A stable dam npon the gravel of the upper valley would 
undoubtedly require a pile foundation. In tlie canyon a dam could 
probably be founded upon bedrock. Tiuiber cribwork filled witli rock 
is thought to be the most economical type of construction for u dam 
in this locahty under present conditions. 

The outlet of Kenai Lake is wide and deep and the banks are com- 
parativeh' low. These conditions do not favor an economical devel- 
opment of storage on the lake. However, these obstacles are not 
prohibitive to the construction of a dam if the necessary expenditure 
were warranted. 

The minimum discharge of Kenai River from August 18, 1913, to 
January' 31, 1914, is estimated at 504 soeond-foet; the average flow 
for the throe following monih.s would probn))ly V)e considerably less. 
Tlie discharge estimated would develop about 10 iiorsepower per foot 
of fall with an ethciency of 70 per cent at the wheel. 

KENAI lAKB AT K008ETELT. 

On August 18| 1913, a gage was instatled on Kenai Lake at Rooso- 
yelt and was read each day (( xcept three days in October), until 
November 30. The stage of the lake is reported to have fallen at a 
uniform rate from this date until December 15, when the final reading 
was made. The lake froze over on the night of December 1 5. Kenai 
Lake is usually frozen over throughout the winter and remains at a 
very low stage, but occasionally there are exceptions, for in December, 
1911, the glacier at the head of Snow River released a tremendous 
volume of water, which kept Hie lake at a high stage for a considerable 
period, and it is reported that during the winter of 1911-12 the lake 
did not freeze over. 
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Daily gage height, in feet, of Kenai Lake at Roosevelt, Alaska^fcT i9iS. 
{ATM 22 square ttflM. Fr«lG.Bu]ice»ot>MrTer.] 



Day. 



Atut. 



1- 

# * - • * *' 

<i 

f— ... 

fer> 



11. 



• v4 « « * « • 



s.e: 

T.9D 

7.66 
7.tt2 
7. 

7.44 
7.M 

7.24 

7.iy 

7.14 
7.M 
«b6B 



Oct. 



9.25 

«. (^<; 

&71 

s. aS 
8.2!) 
s. 12 
7.9S 
7. SO 



7.19 
7.00 



Nov. 



7. OS 
7. 12 
7. .'! •; 

7. as 

7.36 

7. :\2 
7. 2>; 

7. 16 
7.01 
6.83 

6.73 
«.7l 
(L68 

.a,M 

0^65 



Dec. 



5v03 



Day. 


Aug. 


Sept. 






'■>. '.1 1 










7s 






ti. 73 




&83 




21 


s. 


I'., V'» 


as 


9.(J2 


7. 


23 




7. iO 




9.14 


7.W 




9.14 


&<2 


28 


9.12 


!l. 34 


27 


9.13 


9. SO 


28 


9.15 


9.90 


2!) 


9.09 


9.8H 


30 


8.80 


9.63 


31 


8.72 





Oct. 



tl. ■..J 

8.86 

*\ S3 
t.. 77 
»v. 72 
6.60 
8.53 

6. )',) 
(',. 11 

6.32 
8.52 
ei81 



Nov. 



r>() 

li. 'ii 

6. 48 
6.41 

-10 
tj. HJ 

6.U9 
6.00 

.J. VH) 

5. 7a 

5.72 
«.«0 



Dec. 



KEKAI BIVEB AT KENAI DBBDQINO CO. S CAMP. 

Oil August 10, 1913, a gage wns installed on Klmdu River at tlio 
camp of the Kenai Drodpng Co., 3.V miles hplow (\H>pei-s Landing and 
about li miles below the mouth of Juneau and ( oopor crooks. Two 
discharge measurements were made at this pomt from a boat. For 
a considerable part of September and October it was not possible to 
obtain readings on this gage, and for these periods the daily discharge 
has been computed from measurements referred to the gage on Keuai 
Lake at Roosevelt and readings on that gage. 

The Koosevelt gage is about 1 7 miles from the lake outlet at Coopera 
Landing and would give a fairly satisfactory indication of the dis- 
cbarp:o from the lake; but stricUy it would not show the discharge at 
the dredging camp, because Juneau and Cooper creeks enter between 
the two points. However, it seems that the inaccuracy involved in 
this assumption can not be great, because there appears to be a fairly 
well defined relation between the readings of tlie two gages. For 
detennining the discharges the readings on the RooseyeLt gage were 
taken to the nearest tenth. 

The discharge measurements are too few for a very accurate deter- 
mination of the rating curre, especially at the lower stages, but since 
the results present the best available information on the flow of an 
important stream they are here published. The probable emr of 
the monthly means should not exceed 15 per cent. 

Eenai River falls veiy low in the winter, as is shown by the record 
for January, and it is said that it* is often possible to wade across it 
with ordinary rubber boots. The rapids do not usuaUy freeze 
entirely over. 
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DMuarge mMturemenii on Kenai River at JEenoi Dredging Co,*$ camp, 191$. 



Date. 




Area of 


Mean 
T«locity. 




Db- 


Dredge 
camp 


Roose- 
velt 

gage. 




im 


Sq. ftct. 
816 
462 


Ft.pertec. 
5.63 
3.85 


Frtt. 
7.94 
6.09 


Fttt. 
8.81 
6.72 


Stt.-fi. 
4,510 
1,780 


Oct. 23 





Daily gage height in feel, and di^diarge in second-feet, of Kenai River at Kcnai Dredgii^ 

Co.*a camp for ISIS-H- 

(Chaa. G. Uabbord, obsenr«r.] 



1913 



August. 



. Oage 
hsight. 



Mean 

Run<«ff ill acre- 
feet 

Maximum 

^intiMittn 

Acomcf 



8.0 
8.0 

8.0 
8.0 
8.2 
8.3 
8.2 

8.2 

.S..1 

X.3 
S.2 
H.O 
7.9 



Dis- 

diaisa. 



4,620 

4,«ao 

4,630 

4.620 
4,r>20 
4.9>0 
4,980 
4,M0 

4,980 
5. 1»« 

.'i, m 

4.9«) 
4,f.20 
4.440 



September. 



Gttce DLs- 
heigbt. charge 



4,810 

134,000 
4,4I'> 
5,100 



7.8 
7.C. 
7.4 
7.4 
7.2 

7.1 
7.0 
6.8 
ti.9 
ti.4 



4,280 

3,900 
3,040 
3,640 
3,320 

3, IfiO 
3,000 
2, 720 
2,WiO 
2, IGO 

2,320 
2,320 
2,200 
2,0K0 
1,900 

1.9G0 
1,«0 
I.SjO 
1,740 
1,740 

1,900 
2.320 
2,670 
2,830 
4,200 

5,180 
0,070 
6,070 
6,070 
5,620 



October. 



November. 



Gaee DIs- Gage Dis- Gape 
heiglit. charge, height, charge, height. 



December. 



3,190 

6,070 
1,740 



1 

85 

90 

90 

90 

90 

2 

2 



.1 5,040 

.| 4.900 

. 4,"*'i<) 

. 4, (Ml 

.1 i,Mii 

' 4,200 
3,780 
3,500 
3..3ti0 
3,090 

2,>t00 
2,600 
2,400 
2,320 
2,200 

2,080 
2,080 
2,0S0 
l.WiO 
1,960 

1,8.V) 
l.tCiO 
1,740 
l.SOO 
1,510 

1,5<30 
1.560 

i,bm 

1,560 
1,920 
1,920 



2,670 

164,000 
5,040 
1,510 



6.2 
6.4 
6.5 
t». 5 
6.6 

6.6 
6.6 
6.4 
6.4 
6.3 

6.2 
6.2 
6.2 
6.1 
6.1 

«.l 

6.0 
5. SO 
5.90 

5.80 

5.80 
5.75 
5.70 
5.70 
6. 70 

5.(.0 
5.50 
*.. .Vi 
5.50 
6.40 



1,920 
2, 160 
2,300 
2,300 
2,440 

2,4in 

2, AH) 

2, lu) 
2, 1'Ji 
2, UK) 

1,920 
1,920 
1,920 
1,800 
1,800 

1,800 
1,680 
1,560 

1.S60 

1,460 

1,460 
1.410 
1.360 
1,34pO 
1,360 

1,260 
1.160 
1, KJ) 
1, 160 
1,070 



Dis- 
charge 



2,050 

122,000 
2,440 
1,070 
B. 



5.40 
5.40 
5.45 
5.50 
5.50 

.•i.50 
.^50 
5,.-.0 
4 :. 
5.40 

5.40 
5.30 
5.30 
5.25 

.S 20 

5.20 
5.20 
5.20 
5.25 



5.35 
5.3t) 
5.40 
5.40 
5.30 

5.Zi) 
5 2<t 

0.20 
5.10 
5. 10 



1,070 
1.070 
1,12U 
1,160 
1,160 

1,160 
1,160 

1,160 
1,120 
1,070 

1,070 
980 
980 
940 

«X> 

900 
900 
900 
940 
1,020 

1,020 
980 
1,070 
1,070 
980 

'Ni 
'.IM) 
IKM) 
!H>1 

S2l) 



1914 



Janoary. 



Gaee Pis- 
hei^t.'cbaiia 



1,010 

62. 100 

m 



5,00 

.'. 1)0 

5.00 
5.10 
5. 10 

5.00 

4.90 
4.80 
4.70 
4.80 

4.80 
4.70 
4.70 
4.70 
4.70 

4.75 
4.90 
4.80 
4.75 
4.70 



70 
70 
70 
70 



4.70 j 

4.80 ' 
4 SO 

4. 70 
4.70 , 
4.70 I 

4.70 ; 



35,800 

m 

w 

c 



PTABMIOAN CREEK. 

Ptarmigan Crook drains an area east of Konai Lake and flows 
westerly, enticing the lake near Roosevelt post office about 5 miks 
below the head. It is about 4 miles from the mouth of the mek to 
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its outlet from Ftannigaa Lake. Much of tho water is deriyed from 
the thawing of the suowbanks and glaciers of the high altitudes, the 
glacial origin being indicated b j the milky color of the water, which 
is chsractenstio of many glacial streams. Probably much of the 
susp^ed matter in the water settles in Ptarmigan Lake. 

Ptarmigan Lake lies at an elevation about 300 feet above Kenai 
Lake and is approximately 3 miles long and one-third mile wide. 
Its outlet 19 through a narrow canyon with almost perpendicular 
rock walls; its banks on both sides are high. The site is very acces- 
sible and remarkably weU adapted for a storage reservoir. It is 
estimatiHl that u dam coidd be budt 50 feet high with widths of 40 
feet and 100 iwi nt ihv holtoin :md top, respectively. Although the 
datu are too incomplet*' for niuking definite d«Mluctions regarding 
the flow, it s<M'uis reasonable to suppose that the reservoir formed by 
such a dani would store the run-oir of the creek for the greater part 
of u year and woidd supply an admirable means for the contr<d of 
strcaiu iUtw. It is rougldy estimat<*d fr<»ni tlie foUowing measiuxv 
meuts and by (•oni])aris()n with other n^rords that at least 1,000 horse- 
power could be produced at this sit4> tlncmghont the year, A sug- 
gested plan of power development is by a ditch h ading from the lake 
down the right side of the valley. Such a dit<'h, 3 or 4 miles long, 
and a termimil pipe line of modcrat-e length, eoidd probably be made 
to utdizt' the greater part of the fall down t^) tlie level of Kenai Lake. 
In some sections it miglit be necessary to use a flume and in others 
it might be advisable to < any th(» wat^cT through tunnels, but the 
utUization of tlie cvvvk ]>n'scnts no problems whose solution would 
be dillicidt or wonl<] involve licavy expense. 

Tht' following dischiu-gc mcasm-ements were made on Ptarmigan 
Creek: 

Discharge mtmuremenLs (>/ I'iartnUfiin Creek in lyiS. 



Date, 




Discharge. 




Lo«litif. 


DiscbArge. 


Aug. la 


200 fe«t below hike outlet.. 


Sec.'ft. 

m 

U5 


1 

! 

i Oct. n.... 


,.,..do 


n 











FALLS CREEK. 

Falls Creek drains a part of tho high, rugged area east of Kenai 
Lake and north of the Ptarmigan Creek basin. It rises in a high 
glacier and descends with a steep gradient for about 8 miles to the place 
where it joins Trail Creek, 1^ miles from its mouth. There are falls 
about I mile £rom the moutli, where the most favorable conditions for 
power development on the stream are to be found, but the grade is 
sufficiently steep over many sections of its ooursa to meet the require* 
ments. 
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The gold quartz mill of Skeen-Lechner mine is on tbis creek about 
4 miles from its mouth. It is operated by water power in the summer 
and steam power in the winter, using wood for fuel. A Pelton wheel, 
6 feet in diameter, rated at 68 horsepower, is used for running the 
stamps and an 18~inch wheel for the concentrator and lights. The 
water is diverted through a ditch 1,000 feet long to the plant, where 
a head of 112 feet is obtained. The following information regarding 
the operation of the plant was furnished by P. H. Holdsworth on 
March 17, 1914. 

St^m power was used after November 13, 1913. Wheu cold weather came the 
emk fint firoze torn tihe bottom up, but later cnt a chaniid next to the gravel and 
was wtimated to bave diacbaiged approxiinately UO nuner-s inchcB (4.5 eecond-feet) 
liiroug^ut the winter. At the beginning of cold wcallier considerable trouble mm 
experienced in passing water through the ditch. It was caused largely by trying to 
keep the ditch free of ice, but a? soon as it became frozen over and covered with ^now 
the bottom and the sides below the ice line were thoroughly tliawed. All the water 
that could be diverted (&om 2 to 3 second-feet; at tlie intake was allowed to paae 
tfazDUi^ th« ditch during the winter and no anchor or elush ice waa formed. If a 
bedrock dam had been oonatructed at the intake, ao that all the water could have 
been diverted, the mill could pntbably have been operated thiougfaout the winter 
by water power. 

The flow of the creek fluctuates rather widely, as is shown by the 
accompanying short record. This is due partly to the steep slopes 
of the drainage basin and the lack of natural storage, in consequence 
of which the rainfall tends to pass quickly down the stream. The 
basin possesses no sites favorable for the artificial development of 
storage. Much of the basin lies in a deep valiey and on the northern 
slope, so that, beginning in October, the sun does not strike these 
areas for several months and the thawing is very slight. Large quan- 
tities of anchor and slush ice flow down the stream during the falL 

A gage was established on FaUs Creek on August 23, 1913, about 
one-fourth mile above its junction with Trail Creek. It was fastened 
to the right abutment of tlie Alaska Northern Railway bridge. Gage 
readings were made until November 7, when the creek was reported 
as freezing up for the winter. 



Ditcharge muuurementi oj FaUt Creek in J91S. 



Date. 




fewwlt. 




Dat«. 


LooiUtjr. 


Gage 


Di9- 

ClUM|B> 


Aug. 17 

Oct. 10 
AUf^ 17 


At intake of Skecn- 

Lechner Ditch. 
do 


FttU 


Scc.-fl. 
<«35 

0 14.3 
U 


Aug. 23 
Oct. 9 

ao 


Alaska Northern Ry. 
crossing. 


Ftft. 
3.38 

2.S7 

a.tf 


M 

»U.7 


Ala k 1 N'ocUieni By. 

cmBing. 







• Ineludw flov ofdUcli. ^loaoondltloos. 



Digitized by Google 



KBFAI FBNZHSUIA. 121 

Dailjf gage height^ in feet, and dUcharget in tecond-Jeet, of FoUt Creek at raiirood bridge 

near RooteveU, Aliuka,for 1§1S. 



[Drainage area, 15 square miles. Jo« Irvine, observer.) 
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67.0 
3.80 

X12 
72 
36 
B. 


43.5 
2.90 

;ii2 
a 

c. 


22l2 
1.4» 

1.71 
42 
10 
C. 


14.7 
.080 

.26 
23 
10 
B. 



NOTB. — Ciikge heiiihts allected by lc« aiid tlucburge estinittted Oct. l^'Ai, 26-2W. 



GRANT CBBSK. 

Ornnt Orock, like Ptarmigan and Falls creeks, has its source in 
tlio wcstLTii slope of the Kenai Mountains, northeast of Kenai Lake, 
and hes approximately parallel to them on the north of Falls Creek. 
It drains an area larger than either of these creeks and empties into 
Trail Creek in the rapid between the Upper and Lower Trail lakes. 
An important feature of the basin is Grant Lake, whose water sur- 
face is about 215 feet above Trail Lake. Its outlet is 1 J miles from 
tbe mouth of the creek and it occupies a basin bet ween the steep 
Daountain slopes, approximately 5 miles long and one-half mile wide. 
Within a short distance from the outlet of the lake the creek de- 
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scends tbrough a series of rapids and faUs into a narrow box canyoD^ 
through which it flows the greater part of the way to its jiinctioii 
with Trail Greek. 

Its concentrated fall and the availability of the lake as a storage 
reservoir are factors which make Grant Creek very attractiye as a 
source of water power. It is rougldy estimated, from the messure- 
ments below and by comparison with records on other streams, that 
at least 1,500 horsepower could be devdoped throughout the year 
at this site by utilizing storage; but without storage the low'-water 
flow nught not be sufficient to produce more than three or four hun- 
dred horsepower. Of course, on a hasty reconnaissance the feasibil- 
ity of development can not be definitely determined, but certain 
schemes of sii<;gested development may be very briefly discussed. 

A plant miglit be built near the outlet of the lake, utilizing only 
the head furnished by the falls and rapids near this point. Thn 
power house woidd have to be located in a rather inaccessible deep 
canyon, and this would present some objectionable features. 

A conduit divtn tin;,' from tho Ijike outlet to a point near the mouth 
of the creek would have to pass for a considerable distance along the 
almost perpendicular wall of a l)ox eaiiyon. 

There two low passes, one lying on each side of the lake out- 
let, through which it would be possible to divert water to a power 
house near the level of Trail Lak(\ The pass on the right is about 
H niQes above the outlet. At tins point it is about 3,500 feet be- 
tween the lakes, the sununit of the divitiing ridge being about 40 or 
50 feet above Grant Lake and 1,200 feet from it. A swamp 15 feet 
above the lake extends oxer half this Intter distance. With the 
water level of tho lake raised by a dmn, it would be possible, with a 
combination of ditchers, a tunnel, and a pijie line, to conduct the 
water to a power plant at the ed^e of Trad Lak(> at a comparatively 
low cofit. The pass on tho left of the outlet was not examined. 

At the lake outlet it is estimated that a dam 20 feet high wmila 
have a length of 100 feet at tlw' bottom and of 300 feet at the top. 
A higlier dam would require consnierablc increase in the top len^h 
owing to the low slope of the left bank. The foundation would be 
of r<jek. 

Oidy two discluirge measurements were obtained on Grant Cre<!k, 
and the results appear below. 



JHn^arge mettmrtmmU of Grant Creek in 19iS. 
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Moiilli 
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TRAIL CK££K. 

The rapid between Upper and Lower Trail lakes, into wHch 
Grant Creek discharges, is about one-fourth mile long and has a fall 
of 8 or 10 feet. A dam raising the Upper Lake 10 feet could be 
built on a very favorable site, and its length would not exceed 150 
feet. The water could be easily diverted around the rapids in a 
canal. Such a reservoir would overflow several miles of the track 
of the Alaska Northern Raih^^ay, and so might not prove feasible. 

QUABTZ CREEK. 

Quartz Creek drains a compact area of 104 squere mOes lying 
north of Kenai Lake. Its main valley extends from the mouth of 
the creek, which is 4 miles from the outlet of Kenai Lake, in a north- 
easterly direction to the point at which it merges with that of Can- 
yon Creek, the two vallejrs constituting a low pass from Kenai Lake 
to Turna^ain Arm. Near this pass Quartz Creek vallev makes a 
shar]) turn up into the mount aiu on the southeast. Althou[j;li the 
creek has much grade in tliis u|)per portion, the tributary drainage 
is too small to meet a demand for largi^ power. Fron^ the pass to 
Devil Creek, a tlistauce of i uules. the creek falls 5UU feet, and from 
that point to the mouth, a cHstanee of 0 nak the ftdl is about 300 
feet. In this lower portion the creek meaudt rs throu^di a wide flat 
valley for much of the way, and power develupmtjnt wouki he im- 
practicable, hut in the upper part the valley is narrow and the 
stream is confined to one channel. Here the couditiuns are more 
favorable. Tliis section of the creek has the disadvantage of having 
no means of increasinof the storaore upon it. 

The principal tributaricii of (Quartz Creek are Devil and Lost 
creeks. The former comes in from the northwest; its grade is 
steep, but its drainage area is too small to make it a very dependable 
source of water supply. Lost Creek rises in Lost Lake, which hes 
north of Kenai Lake and at an eh^ vat ion about 800 feet al)ovo it. 
From the lake outlet it iU)ws nortliwest and then swin<i^s around 
to the southwest, to its junction with Quartz Creek, al>out 2 mdes 
from Kenai Lake. Lost Creek has a heavy grade over nearly its 
whole len<;;tli, which is about 6 miles, and H mik's from its mouth 
there are falls. Lost Lake is 7 mile-^ long and one-half mile wide 
and bends almost into a semicircle, with the convex side to the 
south. The outlet is wide and the hanks are low. On tlie south 
it is about 2 miles through a low pass from Lost Lake to Kenai 
Lake. At its upper end there is a low pass to the head of Carter 
Creek, a short tributary of Upper Trail Lake from the south. If 
power develoj)ment were contemplated from the water of Lost 
Lake, these passes are worthy oi investigation as points of diversion. 
Short tunnels through tho dividing ridges would probably be neces- 
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sary for such a jMojoct. One discharge measurement was made on 
Lost Creek. Tho r( suit appears in the list of miscellaneous discharge 
measurements on i)!ige 128. 

A gage wa*i iastalliMl on Quartz Creek on Au^rust 24, 1913, at the 
bridge just above FairnuHi's rai)in, about 7 Juiics from tho la >iuh 
and 1 mile above Devds Creek, ^fhe gage-height record woii kept 
until Novt ini)er 7, when the creek was reported as freezing up. 
The results are given below. 

Dii^arffe measurtmentt of Quarta Creek at Fawman'M eabin in 191 J, 



DtU, 


Oage 

]Ml2lt. 




Dam. 
















eLt 




Fed. 
3.43 

3.19 


See.-ff. 
83. f. 






Sfpt. r 





Daily gage height, in/eel, and discharge, in second-Jed, of Quartz Creek at FawTmn's cabin 

near Roosevelt, Alaska, for 1913. 

[Dniiimge airea, 3U square mllea. Emmet W. tshields, obaerver.] 
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^.wn ^inj.f kj.^^nK gflgdipii byJiw and diwiiMtiMijiitiM-i>i-iJ Oct. 12-15 and 27. 
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JUNEAU CREEK. 

Juneau Creek flows almost duo south from its source to its junction 
with Kenai River, 2 miles below Coopers Landing. Its basin pre- 
sents an example of the typical hanging valley of this section. The 
upper part of its basin is comparatively broad and flat and it is 
locallj called Juneau Flat, but about 2 miles from its mouth the 
stream plunges in a series of cataracts into a deep canyon, and 
vhen it emerges continues with an increased grade to its mouth. 
In the vicinit}^ of the canyon the stream drops about 176 feet within 
one-fourth mWe. 

Juneau Lake is about 5 niiles from the mouth. It is a small 
body of water and ofTors little opportunity for storage. The right 
side of the outlet rises abruptly but on the left the bank has a long 
gradual slope. 

From 500 to 1,000 horsepower could probably be developed at 
the canyon from about the first of May until the last part of Octo- 
ber, but the m^^'FP^m flow in the winter might not be sufficient to 
produce more than one or two hundred horsepower. A record of 
two measurements made on Juneau Creek is given in the list of mis* 
cellaneous discharge measurements (p. 128). 

COOP£B CREEK. 

Cooper Creek heads against Resiurection River and flows gener- 
ally in a northwesterly direction to Kenui River, which it joins 2 
miles below Coopers Landing;. It rises in Cooper i.nko about 5 miles 
from its mouth, and through must of its course it occupies a deep 
rock canyon cut in a broad glacial valley. 

Cooper Lake is 6 miles long and about one-half mile in average 
width. It lies just over a high ridge from the lower end of Kenai 
Lake and its elevation is about 650 feet higher. Near the- outlet the 
creek has a series of fidls, and it is esliinat<'d that in a distance of 2 
miles it di'ops 500 feet. That amount of fall would be suilit ient to 
develop about 40 hoi'sepower per second-foot of diseharge, wilh an 
efficiency (►f 70 per cent at the wheel. Discharge mrasnrenient** of 
Cooper Creek are ^^hown on page 128. They are insutlieient to make an 
estimate of the power capaeity of the stream, but they indicate that 
probably at least 1,000 horsepower could be develojxd for 5 or 6 
months of the year. In the winter tlie niininiuni flow might not be 
sufheient to produce more than 200 to 300 horsepower nnlc^s storage 
could be obtahied. At the outlet of tiie lake the banks are low, so 
that a long dam would have to be built in order to raise the level of 
th<^ lake. 

Sti'tson Creek, the principal tributary, enters Cooper Creek about 
3 miles from its mouth. Hydrauhc mining was formerly carried on 
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extonsively in the stream flat near the mouth of Cooper Creek. The 
water was supplied from StetsoUi Wildhorse, and Kickinghorse 
creeks. A high-line ditch diverts from Stetson Creek and carries 
along the mountain slope for 4 miles, then dropping to a lower ditch, 
through which the water flows for 1} miles and finally it passes 
through about 1,300 feet of flume. 

RUSSIAN nrvER. 

Ivusr^ian River drains u long, flat {glacial valloy which, at its hoad, 
meets that of ihv main valley of Resurrection Kiver and forms a low 
pass between the two drainage basins. Russian Kiver is trihiitarv 
to Kenai River about 6| miles below Coopers Landing;. There are 
two lakes in its basin, called, respectively, the ITp|H'r and Lower 
Russian lakes. The XYp*"!" hnke is 5 miles l()n<j; and one-third (»r a 
mile wide, ami is a])pr<)ximately GOO feet above sea level. Its outlet 
is said to afford a <^ood site for a storage dam. From the lj>per Lake 
Russian Ki\ er flows tiret northwestward iun\ then bends gradually 
to the north to its entrance into the Lower Lake, n distance of 6 
miles. In tho nppc r part of this stretch the stream meamlers tliron<:h 
low, buttclikc lulls which occupy tho valley bottom, but in the low 
part the \ dley is simply a wide, swampy tundra flat. There is but 
little full between tho lakes. 

The Lower Lake is the smaller of tho two, being but 2 miles long 
and little more than one-fourth of a mile >\nde. Its elevation is esti- 
mated at 500 feet above sea-levcl. The outlet is wide and the banks 
are comparatively low. From the outlet of this lake the river flows 
2 miles to its mouth and drops 170 feet. A large part of this fall is 
concentrated near the lake outlet. 

Power development between tho lakes is unpracticable, but on the 
lower river a large part of the fall could undoubtedly be utilized. 

Russian River drains an area sufficiently large to yield a very 
dependable water snjiply throughout the summer, and if further 
storage could bo devolqped on tho lakes the river would afford an 
excelh nt opportunity for power development. The minimum flow 
during the period covered by the records below wj\s 57 second^fcet. 
Under a head of 170 feet that flow would develop 769 horsepower, 
with an efficiency of 70 per cent at the wheel. Without storage the 
winter flow might not be sufficient to produce more than 25 per cent 
as much. 

A gage was instaUed on Russian River on August 20, 1913, at a 
point about one-eighth mile above the mouth. The gage readings 
are somewhat broken. The final reading was made October 31. 
The discharge at the mouth does not differ very much from that at 
the ouUet of the Lower Lake, for the tributary drainage between the 
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two points 18 small. One dischaige measuioment was made of 
Russian River at the Lower Lake outlet and the result appears on 
page 128. 

Ditcharge measurements of Russian River at the mouth in 1913. 
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Dttiifi gage height in feet, and dudiargcy in uotrnd-Je^t o/Ru$nan River at nunUhf/or J9I3. 
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HotB.— DisdurKa Interpolated for days on trtiieh gaga haigbta are i 

MISCELLANEOUS MEASUREMENTS. 



The results of miscellaneous discharge measurements made in the 
bflsb of Kenai Riyor in 1913 are shown in the table following. 
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MiaeMmeoui ditdwrge meanmrngnit in Xenai lUver dMno^f fioftn in t$i$. 
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QENEKAL FEATURES. 



Sxmile Creek dreinfi an area of 268 square milee and enters Tuin- 
again Arm about 16 miles from its heaid, at Simrise. It is fomed 
by the union of two large branches, East Fork and Canyon, about 9 
miles from Sunrise. The basin is characterized by rugged mountains, 
many of which are between 4,000 and 5,000 feet in elevation. Most 
of the streams flow in narrow, steep valleys. A few small glacierB 
are found at the higher elevations. 

From the forks" to Sumise, Sixmile Creek has a fall of about 325 
feet. There are several rapids, and good dam sites exist at several 
places. The East Fork and its tributaries are admirably adapted 
topogi'aphic all}' fur power development. 'I Ik v have aii abuiidancc of 
rapids, falls, and dam sites. (See PI. XV, .4, p. 100.) The objection to 
it is the fact that its winter flow would be very small and there are no 
available reservoir sites of an ample size for incrt^asing it. There is 
a small lake at the head of Bench Creek in Johnson Pass, but it would 
require^ a long dam to increase its storap;e, and the effect it could have 
upon the control of the stream would be slight. 

Canyon Creek has a drainage area of 100 square miles at its mouth, 
in contrast to the East Fork, whicli has 117 square miles. Canyon 
Creek and its trii)utaries closely resemble the East Fork in character. 
About S miles from ''the forks" Mills Creek, which has ])een an im- 
portant placer mining stream in the past, branches oflp to the east. 
It has a very steep grade, but there are no storage sites on it, 
(See PI. XVIII, .4, p. 115. ) Its summer flow is large, but in the fall the 
decreasing temperature reduces it to a mere rivulet. Juneau Creek 
is a tributary of Milk Creek, from which water has bei n obtained for 
hydraulic mining. Canyon Creek heads in two small lakes, called 
Upper and Lower Summit lakes, respectively, the former being the 
larger. No great storage could be obtained from either of these lakes. 
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8IXMILE GREEK AT SUNRISE. 



A gage was installed on Sixmile Creek on August 27, 1913, on the 
Jeft bank about one-half mile above the mouth, and was read twice 
eieh day until November 30. On December 2 the stream was 
reported as having frozen over except in the rapids. 

The discharge measurementa were made at a section of the stream 
opposite the Sunrise post office, about three-eighths of a mile below 
the gage. Very little drainage comes in between the two points. 

DMovge nmturmenU on SixmUe Creek at Sunriee in J91S. 
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iMniy gage height, in fecf. and dischnrgf , In smuul-feel, o/^Sixtnile ('Ttrh at Sunriee Jor 
(Dmioage area, ^ square zail&i. Adolph Lawsoo, observer.} 
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MIIX8 CSBBK 2 IflLXS ABOYB MOIITH. 

On August 25. 101!^, a ^a^e was installotl <m Mills Crook, about 
2 miles aboTO thv month, just below the footbrnl^c near S< iiniesar's 
cabin. Gnp:r r( wore made until November 2, when the creek 

froze up. Only two clischai^e measurements were obtained. The 
error of tke meaa monthly discharges is probably within 15 per cent. 
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MISCELLANEOUS MEASUEEMENTS. 

A gage was installed on Canyon Creek just above the mouth of 
Mills Creekf but efforts to secure readings were not suocoBsful. The 
dischaige measurements made at this point appear in the following 
list. 

One measurement was made of Juneau Creek above all ditdi 
diveTBions. 



MiteeUaneous di$diarg€ meaaurmmU m SixmiU CrtA volley m 1913. 





Btrnm and looallty. 


Set.-ft. 
ago 
• 60 
44 
23 


Drainage 
•rat. 


Div 

p«r 
square 
mil*. 


Avf. 25 

Spt 4 
Oct. 14 
Aflf. 2S 




Sq, milt». 
28 
28 
28 
4.4 


Sce.-fl. 
3.21 
2. 13 
l.M 
6.23 





•DiduidM flotr of dltdi dtvcrtliiK fkom Franio CraA. 



B£SU&B,£CTION Cii£££. X>£tAINAQ£ BASIN. 

The Resurroction Creek drainage basin lies generally parallel to 
that of Slxmile Creek, and the principal difference in the top<^aphy 
of the two is that the mountains of the fonner are more smoothly 
rounded than those of the latter. The area of the drainage basin is 
157 square miles. 

Resurrection Creek flows Northward and empties into Tumagain 
Aim at Hope, about 8 miles west of Sunrise. About 1 mile from its 
mouth the creek emerges from its narrow valley into a wide, gravel- 
floored flat. The vaUey bottom ascends gradutJly up to an cievation 
of 1,600 feet at a point 16 miles from the mouth of the creek. There 
b a good opportunity for developing power on the stream in the 
summer. There are no storage reservoir sites or lakes in the basin. 
Hydraulic mining has been carried on quite extensively on the stream. 

The following dischaige measurement was made on the stream 
above Gold Gulch on August 8, 1913: Discharge, 120 second-feet; 
dnunage area, 105 square miles; discharge per square mile, 1.14 
aecond-feet. 

POWBB. PLANT OS* THB SBWA&D UaST dk; POWEB GO. 

The Seward Light & Power Co. operates a hydroelectric plant 
on Lowell Creek and supplits the city of Seward witli light and 
power. The United Statos Geolop:ical Survey is indebted to Mr. S. M. 
Graff, the president and manager of llio company, for the foliuwmg 
ioformaUou coucernmg this plant and its operation. 
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The Seward Light & Power Co. wa^ incorporated in November, 
1905, and was first operated December 1, 1905. Except for a stop 
of four days in December, 1910, caused by frazil, and occasional 
stops on Sunday afternooiis for washing the plant and cleaning ma- 
chinery-, Uie operation has been practiCftUy oontinuous since the 
date of startint^. Commencing with the short days in the late fall, 
it has been tlio }>olicy of tho management to run without making 
any stoi)s. The longest period of incessant operation of the plant 
is 98 days, a very creditable record. 

The equipment consists of an Allis-Chalmers (Builock) altemat- 
ing-ciirr< nt geiKTutor, of 225-kilowatt capacity, operat^^d by a Pelton 
wheel under a lieaci of 360 feet. The water is supplied from Lowell 
Creek by a line of 12-inch pipe 9,000 feet in length. 

It W)-is Mr. GrafT's opinion that Lowell Creek will f^upply the neeils 
of a city considerably larger than Seward is at pix si lu. \Mien tlie 
demand exceeds the possible output of the present ])l!iiit the head 
can be increased by moving the intake farther up the creek. At 
times a dam budt impervious down to the bedrock would be of value 
in increa^^ing the availablo water supply. 

Two serious problcn^s identified with wmter operation of water- 
power plants on tho southwestern Alaska coast are introduced by 
snowslid^ and frazil. In the coastal regions the heavy snowfall 
accumulates on tho })re-<'ipitous momitain slopes in such masses that 
it finally becomes uiLstable and starts to slide; in sliding the mass 
gathers up acres more of snow on the mountaiiLside, and when it 
reaches the bottom of the narrow valley it often fills it scores of 
leet in depth. Such slides occur several times during a winter on 
Lcywell Creek. At one time in the early history of the plant a slide 
came down upcm a former site of the intake house, destroying it and 
killing an employee who happened to be there at the time. The 
intake was then removed to a point where the topography was such 
aa to guard against the recurrence of such a catastrophe. 

On a stream like Lowell Creek the effect of a snowsUde is to dam 
up the creek and cut down the water, and when all the available 
water is required by the plant tho result is a more or less serious 
reduction of the voltage. Experience has shown that this usually 
lasts from 10 to 45 minutes. A factor which determines to a lai^ 
extent the seriousness of tho effect is the proximity of the shde to 
the pipe intake, for obviously a temporary damming of the stream 
near the intake will reduce the flow more than if it is at a distance. 

Mr. Graff has had considerable experience with frazil and an acootmt 
of it will be of interest The meet serious trouble from frasil occurred 
December ^-17, 1910. The weather was favorable for its fofmar 
tioui and the creek was not frosen over. When the ice began to 
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form, the scroon at the intake was rt inovt'd, for otherwise the ice 
froze to it aiid shut off the flow. The ice necdh's wliich j^ormeated 
the water entered the pii)e and gra(luuil\ froze in a coat on the 
interior surface. As tliis coat bocanie tliic.ker it rtMhiced tho cross- 
section tlirouijh which wat-er rouUl ilow up to tho point when the 
pressure available at tho plant was insullicient for running the wheel. 
Tho plant wtis shut down and the water was drained out of the pipe. 
Finally, when the cre(»k water became warmer, it was admitted 
again and griulually cut out tho ice. The ice was hard and flinty 
and broke off in pieces too largo for passage through the 3-inch 
nozzle, so that was removed. The ice then camo tlu"ouirh in large 
chunks and the shot k ou tho ])ipo and whool was tremendtius. 

To prevent such occurrencci tho follow'iui; procedure hav<? been 
adopted: Temperatures of the water are taken at tlie plant twice 
each day — at noon and at miflnii^ht. Wlien the temperature is 
found to be approaching dangerou-lv near 32° F., the intake screen 
is removed and tlio fr>izil is nllow^rd unobstructed admission to the 
pipe. Usually tlio formation of i\w frazil lasts but a short time and 
the ice does not freeze on the inside of tlio pipe to a (]Mn<rorous thick- 
nes.s before the w^ator becomes warmer and thaws it away. How- 
ever, if cimdi lions do not change and the ice continues to accunui- 
latc inside the pipe, when it has reached a tliickness estimated at 
about 2 or 3 inches — since a thickness greater than this would make 
chunks of ice too large to pjuss through the nozzle — the water 
is shut off. It is not permitted to enter again until it becomes 
warm enough to cut out the ice. Experience hn^ sliown that frazil 
very infrequently forms for more tlian a few hours, and b}^ taking 
these precautions shutdow^ns of tlie plant because of it are oX very 
short duration and occur much more infrequentl}- . 

Water temperatures have been taken at this plant for a number 
of years, and since such data are scarce, and also because they are 
of peculiar interest in illustrating one of the problems of Alaskan 
water-power deyelopmenti they are here published. 
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Water Umperatung, in 



Fahrenheit, at power plant of Seward Light d: Power Co., 
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WATBB*VOWBB 8ITBS. 

The topograpliy of the mountainous area of Kenai Peninsula) 
in comxnon with that of most of the Alaskan coast, is favorable 
for water-power development. The water supply, as determined 
principally hy the dunate and the character and distribution of 
precipitation, is lazge in summer and fluctuates widely but is much 
less in winter. Usually the mininnim flow of a stream deteraiines 
the magnitude of the development which should be made upon it^ 
and therefore a stream that has natural storage sites or that affords 
sites for artificial storage presents advantages not possessed by 
other streams, for its minimum flow and the possible capadtj ot 
the j^^t can thus be increased. There are many streams whose 
mif^imiiwn flow would sufficc for plants of 1,000 to 2,000 hoTBepower 
for the six-months' period from May 1 to October 31, but there are 
few if any streams whose flow would be adequate for the development 
of more than a few hundred horsepower in the other six months 
without storage. Such data as are available regarding these sites 
are included in the description of the basms ia which they occur. 
Except in the Kenai Valley the streams of the peninsula afford few 
artifldal storage sites. If winter power were demanded in exoess 
of that which could be obtained from the natural flow of the stream, 
it would have to be supplied from some other source. 

The several lakes of the Kenai Valley have some tendency to 
regulate the flow of the streams rismg in them and furthermore the 
possibility of developing more storage upon them fiunishes a means 
for increasii^ this regulatory effect. Dams could be consteueted at 
any of the lake outlets, and at some of them the mtes are exceptionally 
favorable. On Ptarmigan and Grant lakes dams whidi would bold 
in a reservoir nearly the entire annual run-off from their tributary 
drainage areas could probably be constructed at a reasonable expense. 
Thus the available power of the stream could be used at nearly a 
constant rate throughout the year, or it could be drawn upon as 
desired. (See pp. 114-128.) If winter power is desirable and the 
necessary expense is justified, the advantii^c of such a water supply 
over one obtained from the natural flow of a stream is obvious. 

The feasibility of connecting the water powers of this viiliey 
into a single hydroelectric system could be determined oiil}^ by exten- 
sive surveys and studies of the water supply: tlio available data are 
far too inadequate to warrant conclusions. The most importauL 
power sites in this vtillev lie within a rudms of 15 miles. If storage 
wjus fully developed and power plants installed where practicable, 
their interconnection by electric i rmsmission lines would furnish 
means for obtaininj:^ the ivniMiuuiii out put of power from the available 
water supply and its most unifurai distribution tlu'ough the year. It 
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seems most probable thut any market for power which 'i^ likely to 
materialize in this region would demand continuous power. The 
primary purpose of the reservoirs in this basin would be to replenish 
the flow and augment the power output from NovemlxT I to Apnl 30. 
Any excess of water could utilized to incrt a^e the uniformity of the 
flow, if that were desired. The run-ofT a\ aihible at the various 
plants, the amount of storuL^c and the potential value of the water 
stored in the different reservoirs ns measured by tbo hnad through 
wluch it would act, would be the pnncipal factors in determining 
the method of manipulating the plants or the reletise of water from 
the reservoirs. Even with storage reservoirs developed to their 
utmost capacity it seems prohnble that the output of power in summer 
could considerably exceed that of the winter. 

The cost of construction, operation, and maintenance of 8 or 10 
power plants, such as this project would involve, would probably 
exclude it from the class of cheap power, and only great industrial 
growth in this region would warrant such a development. On the 
other hand, the construction presents no serious difficulties, and the 
r^on is easily accessible, so there is no reason to believe the coat 
would be prohibitive. 

WlliliOW CREEK DISTRICT. 
OBNBBAL VBATUU8. 

Willow Creek district is the common designation of the area that 
includes the gold fields lying a])out 20 miles northeast of Knik, a 
settlement on Knik Ann (►f Cook Inlet- The district comprises 
about 90 square miles, and includes the divide between Little Susitna 
River and the South Fork (if Willow Creek, a tributary of Susitna 
River, This divide is the southwestern extension of the Tidkcetna 
Hiiii;^'. , and lies approximately in loncfitudc 149° 20' west and lati- 
tude 40' north. Willow Creek, augmented by Grubstake Gidch 
and Wet Gulch from the south, and by a fork from the norili formed 
by Peterson and Purches creeks, flows westerly out of the mountains 
and into the flat valley of Susitna River, which it joins about 35 
niiles from the mouth. Willow Creek is about 40 miles lon^j^ from 
its mouth to its most remote sources. Grubstake Giil< li has brcn a 
producer of placer gold in the past, but at present active numng 
operation in the Willow Creek basin is confined to the quartz claims 
of the Gold Bullion Mining Co. 

The topographic features of the dist rn t are varied. The north- 
pm part is characterized by steep, craggy mountains; the southern 
part IS occupied by the much less rugged ridore, known as Bald Moun- 
tain. Several of the jx aks exceed 5 OdO feet m elevation. The 
valleys are U-shaped, glacial troughs ranging in elevation from 1,500 
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to 3j500 feet. Higli up in those vaUejrs the slopes arc heavily strewn 
with coarse glacial d6bris, broken rock, and talus. The large pro- 
portion of void spaces in this formation affor(is an excellent reservoir 
for the summer water supply. Ice forms in these spaces during the 
winter, and by gradually thawing away in tlic summer it is an im- 
portant factor in the distribution of stream flow at a time when it is 
of commercial value for the development of water power for the 
quartz mills. Practically all snow (ii>;i [)[)ears during the summer. 
Small soRttf^rod crbicic^rs he at the liead of Archangel Creek and a 
larger one ai tiie liead of the main branch of Little Susitna River. 

A condition of considerable economic significance in the Willow 
Creek district is the scarcity of timber suitable either for fuel or for 
building. In the lower parts of the valleys of WUlow Creek and 
Little Susitna River timber i.s iilcni ifiil nnd i^ood, but on Willow 
Creek it docs not extend above Wei Guich and on the Little Su.sitna 
above a point about 2 niil< s Ix low the mouth of Fishhook Creek. 
Alders and willows fringe tiie mountain sides to a considerablv 
Ingiier elevation, but they disappear some distance below the j)laces 
at which the quartz mills have been installed. Mining timber and 
wood for fuel must be hauled 4 to 8 miles and u[) steep grades, and 
the cost of this haulage increas(s the cofit of the wood to a d<3gree 
which almost prohibits its use for fuel. 

A hasty reconnni-^^ance of the water supply of the Willow CVeek 
district was made in SeptemheTy and such data as were collected are 
here presented. 

Four or five small gold lode mines are being worked in this district,* 
and the iudicatioos are favorable for further discoveries. 

MOZNO 8VATION8 AUD KBABTIBZNO FOZNT8. 

The points at which gaging stations were maintained or discharge 
measurements made on streams in the Willow Creek district in 1013 
are listed below, with numbers corresponding to those shown on 
Plate XIX. 

1. Craigie Creek at Oold Bullion znJlL 

2. Little Susitna Biver at mile 38. 

Ridnoy Cn'4-V. at lako outlet. 
4. Fishhook Creek at mile 33^. 

NoTK.— Black-{5o«d type indicates that daily estimates of diBobarge are avaUablflk 
O&AIOIB COBSBK AT OOXiD BTTLLZOiar MILIi. 

Craigie Creek rises in the heart of the WiUow Creek region and 
flows sou til westerly about 7 mile,s join Willow Creek near its head. 

The mill of the Gold Bulhon Mining Co. is on Craigie Creek about 
4 miles from its mouth. Water power is utilized for the operation 

iBMOw>>^B*iTb«WI||p«GN«kdMiM»AItftau V.8.0«LBarvtf Bii]LiSa,p».Mf-9Riini 
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of the plant. A ditch tihoiit 1,000 feet long diverts from Craigio 
Oeek to the mill, where it passes through a 12-inch turbine water 
whrol under a head of about 28 feet. The United Stat<^s Geological 
Survey is indebted to the management of the company for a carefully 
kept weir record on the creek throughout the summer of 1913. 

The weir wtis 10 fee*, long, sharp crested, of the Cippoletti tvpe, 
and had end contractions. Rea(hngs were genertUly nuidc three 
imies a day at times closely approxmiatinor 7 a. m., 12 m., and 5 p. m. 
The discharges for each of these rea(hngs liave been computed and 
appear with the readings below. During the enrlv part of tlie sea- 
son a marked daily fhictuation m the flow is sliovvn, owing to the 
thawing of the snow and ice in the davtime. It is ])eHeved that as a 
general rule the flow increased up to alxtut 6 p. m. and began to 
decrease about 7 p. m., reaching the daily miimiium the next fore- 
noon. The mean daily discharge shown in the following table was 
computed from the mean of tlic discharges at 7 a. m. and 5 p. m., 
but occasionally the discharge at noon was given some weight in the 
determination. 

Tlie water supply decreased to such an extent tlie last of August 
nnd first of Spptonibcr an to seriously handirap the operation of the 
mill. During this time it was possible to run but two of the seven 
stamps. 



JSc^gdbl on weir, in inches, oni dUdkvrge. in ieoond-Jcci, of Craigie Cndt a< Gold Buttion 

miUfor ms. 




Digitized by Google 



144 



WAI££ FOWEB IN 80UTH-GEKIBAL ALASKA. 



Height <yn weir, in itiehes, and dutcharge, in ucond-/ui, of Craigie Creek ai Quid BulUon 
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Height on weir, in inches, and diacharge, in teeornd-feel, of Craigie Creek at Gold BiUlion 
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XJTTia SUSITKA BIVXR. 

Little Susitna River rises in a glacier a few miles northeast of the 
Willow Creek region and flows in a general southwesterly direction 
to the point at which it is joined by Archangel and Fishhook creeks, 
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^i^iiclL take the drainage opposite the head of Willow C^eek and flow 
generally to the aouth and east. About 20 miles from its head the 
little Soflitna emetges from the hitts and bends to the west, following 
the base of Bald Mountain, from which it raceiTes many small stroama. 
It continues on this courae about 30 miles until it is well out into the 
flat, swampy raUey of Susitna Birer, and then turns more to the 
south and 20 miles beyond enters Cook Inlet. 

Two discharge measurements of the Little Susitna were made about 
14 miles from its head and 3 miles below the mouth of Fishhook 
Greek, at a point just above the hi^way bridge which crosses it about 
28 miles from Knik. Qage heights were obtained for a short period, 
but the measurements are insufficient for estimates of daily diachaige. 



Ditcharge measiutmenti of LiUU JSuiitna River <U miU i8. 
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DaiUtf gage height, in Jmi, of LUUe Suntna River at mUe fSfor 19tS, 
[Drainage araa, 61 squara mllaa. Hula Uoodall, olMiarv-ar.] 
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Archangel Creek rises in the ruf^god mountains of the northern part 
of t he Willow Creek district and flows in general to the south and east. 
Like all other streams in the vicinity, it has heavy grades and is well 
adapted for supplying power to run small mills when the water supply 
is sufficient. The water power is hkely to be utilized, as there are a 
number of quartz prospects on the creek and its branches. 

The following discharge measurement was made on Sidney Creek, 
a branch draining a southern slope of the basin, at the outlet of a 
small lake, where it is proposed to divert water for running a milL 

September 12, 1913: Gage height, 3.11 feet; diediarge, 1.88 flecood-feet; dndntge 
vea, 1.1 square miles; disdiarge per square mile, 1.71 8eooiMl4Bet, 
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The discliarge prol>alily roprosonts about tho mininumi for iho sum- 
mer. The lake outlet is at the pomt whore a hanging valley breaks 
into the main valley, and the creek falls more than 200 foot lu uim- 
fuurth mile. Witliout doubt the wat<».r supply is suihciont for run- 
ning a small mill the greater part of the summer. 



Fishhook Crcok drains the area south of Archangel Creek. The 
mills of the Gold C^uai lz and Free Gold Mining conipames are near its 
head, and both have small liydraulie plants. During the last of the 
sununer they were liandicapped )>y short ago of water. 'Hie Free 
Gold Mining Co. wius ])ut considerable expense in building ditches 
to gather in all the drainage available, but even this wjus inadequate 
during the latter \m\v\ of the summer and it was necessary to use a 
gasoline engine for an x diary power. 

A few gage heights were obtained and the following discharge 
measurement was made on Fishhook Creek at a point If miles below 
the site of tlie mill used by the Froe Gold Mining Co. in 191IJ and 
above the mouth of the first large tributary on the right, about 2^ 
miles from the mouth and about 33^ miles from Kuik. 

September 12, 1913: Gage hei^t, 3.24 feet; discharge, 12.6 second^leet; drainage 
, 4.7 eqiuure males; dischaige per square mile, 2.68 aecond-feet. 



Daily gage height, in feet, and dudtarfftt in 9eeond-/eet, of FMook Credt at mile SS^/or 

tDnliiBg»arM,4.7aquamnfliai. H. C. Btmry, otMtfw.] 




Non^-a«* iuig^ts Bfl«ctMl by io» Oot. 5-lA. 

DBVSLOPBD WATB& TOWMBB, 

Three water-power plants have been installed in the Willow Creek 
district for the operation of gold quartz mills, as follows: The Alaska 
Gold Quartz Mining Co. develops 15 to 20 horsepower on Fishhook 
Creek by Pclton wheel under a head of 120 feet, using the power to 
operate a 4-stamp mill; the Alaska Free Gold Mining Co. develoj)s 
about 2") horsepower on Fishhook Creek by a Pelton wheel under a 
head of 35 feet, using the power to operate a Lane mill; the Gold 
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Bullion Minjng Co. develops about 25 horaepower oa Craigie by & 
turbine wbeel under a 28-foot bead and uses the power to operate a 
7-etamp mill. 

The water supply for these plants is sufficient for Iheir operation 
only about three or four months during the summer. 

Up to the prfspnt tho only wRtor-j)(>\vor dcvelopmcnls which have 
been justified by tiic oro prospects of tho Willow Crock district liavo 
been thoso directly at tho miU sites from the water supply available 
at tliose points. These mill sites are so far up tho stream that the 
tributaiT flrainago area is too small to furnish the necessary supply 
in dry seasons for oven i\w pi psent small plants. Consequently, the 
plants must be ])artiy or wholly sluit down at these times or the 
water power must ])e supplemented from other sources. The cost of 
auxiliary power iu these inaccessible regions is so great as to be pro- 
hibitive unless the ore is very rich. At one of the miUs it was stated 
that eordwood costs per cord, and that gasoline, wliich was there 
used, costs 70 centos per f^allou at tb«' mill. Water-power develop- 
ment in wint'Or is im])ossible on those sitt^. 

The first and easiest method of supplying the deficient power is by 
increasing the cilective lioad at the plant. This can usually be ac- 
complished easily, for tlio streams liav»' heavy irrades and much head 
can be obtained in comparatively short distances. In such a phmt 
there would usually bo a small flow of water acting under a hi'jh hoR*!. 
Wlioels for such installations as would sometimes bo desired in tins 
region are ]i(»t carried in the regular stock of water-wheel maimfnc- 
tnrers, but it is believed that if the conditions untler which they wero 
to operate were known, wheels specially designed could be secured 
which would give good results. 

Another method of solving tiie power problem is to develop electric 
power on the lower stretches of the streams \n lu re the flow is larger 
and more ilependable and transmit it to tlio proj)erty. A scheme for 
cooperation in the elopment of hydroelectric power on the Litdo 
Susitna River for tiu* eonnnon use of the miniiiL' companies of the 
region has already been proposed. In the vicinity of the mouth of 
Fistdiook Creek the Little Susitiia has a fall of about 150 feet to tho 
mi\(\ The valley in this s(H'tion varies from tlie U-shaped glacial form 
to a narrow rock canyon, and it is everywhere tillfHl vriih. heavy gran- 
it'^ bowlders. Concentrated fall and tho topography make some sites 
more favorable for power development than others. The most suit- 
able type of development is probably a diversion dam, built only high 
enough to divert tho rcKjuired anunifit of water, and a combination 
of canal and pipe line for carrying the water to the wheel. 
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Tho flow of tlio Little Susitna for six or so^roii lhoiiUls of tlu^ year 
uiider tho head that it is possible to utilize would probably be ample 
for any power requirements that are iikdy to aribo in this district. 
Tho dischai'gc on St ptcmber 13 at mile 28 was 135 sei oiid-fect, or 
2.21 second-fet'l pri- stjuare mile. Th&i flow would develop about 1 1 
horsepower per foot of fall, with an efficiency of 70 per cent at the 
"wheel. With a flow of 0.5 second-foot per squaxe mile about 2.4 
horsepower could be produced for every foot fall. 

Little is known of the winter flow, but judging from the climatic 
conditions whit ] I prevail in this region it must fall to a very low stage. 
If winter operation was desirable and tho stream flow was not 
found to be sufRcient to provide tho povsor, the closeness of the 
Mataiiuska coal fields affords a possible solution of the problem. If 
these coal helds are developed, it shouhl be possible to furnish fuel 
for an auxiliar}- steam plant operatino; in conjunction with, thehydro- 
electric plant at a comparatively low figure. 

Except that the plant would be more remote from the coal fields, 
hydroelectiic; power could be generated on the lower part of Willow 
<>eek quite as well as on the Little Susitna, if a central power plant 
in that vicinity should promise to be more convenient. Such a plant 
as is suggested would involve considerable expense, but unquestion- 
ably would have many offsetting advantages. Tho feasibility of the 
project depends on tho future promise of tho mining industry in tho 
region. If Uie ore deposits are sufficiently laige, the outlay would he 
justified. 

COST OF POWER. 

Under ordinary conditions water power is cheaper than steam 
power. There are, however, so many unfavorable conditioas that 
may have to bo overcome in the iiLstallution and ope ration of a 
'watt^r-power plant tliat its cost, compared with otluT soiux ts of 
power, shoidd be cuiefuiiy considered before delinitely deciding in its 
favor. 

Ordinarily, the cost per unit of power dev(>lo])ed Is much less for a 
large jiiani tlxau fur a small one. At t}it> pres<*nt time the Industries 
111 the area considered in this report do not rcquii'e pow<'r in largo 
quantities. Aside from railway operation, there are no power rc(piire- 
in<*nt8 aggregating 1,000 hoi-s(»power witliin the province niiy t»ne 
water-power site. Energy is needi tl principally for the opi ration of 
small mines and for lighting. With few exceptions a 200-liorsepower 
plant would be am]>le. Under such conditions a development may 
be very expensive, whereas if the same power site was developed to 
its maximum capacity the energy might be sold at a much lower 
£gure if a market could be obtained for the entire output. 
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In order to obtain continuous wat^^r jwwor tliroughout tlic year it 
will he necessary on most of tho strotmis to ])r()vido storage to assure 
a sufficient ^s■aU'r supi>ly Jiumg the vviiiU r. Othci-wise an auxjiiaiy 
source of ]>owty:, such as a steam or gas engine plant, must bt? pro- 
vided. In either ciLse the initial expense would generaDy be con- 
siderably greatiT than it would be if a steam or gas engine plant alone 
was installed . Most of the mines are small, with a rather uncertain 
future, for l ie h reason the oj>erator8 prefer to keep the first cost of 
their plants its low as possible, even though Uiey must ])ear a heavier 
operating exp<'nse. When an ore body is worked out the chances 
aie that the power plant that was used in recovering the ore ^\'ill 
become practically valueleas. It is then^fore (^ricbmt that for a small 
ore deposit a high rate of depreciation must be charged agam^t the 
plant. 

The cost of installing and <^]>< rating a water-jK>wer system ia 
affecU'd by such an infinite varit t y of conditions that each develop- 
ment becomes a probk in peculiar to itself, and cost data from oth(»r 
installations are of iitk ertain viUue. A factor that should iem\ to 
produ('e low iiLstaUatlon costs for power development in southern 
Alaska is tho fact that most nf the power sit-<'s are near ti(lewat<^r, 
thus pennitting the equipment to be landed n<'ar the site at a miiii- 
miun of cost. Another item of expense that wih not iLsnally ent<^r 
into the cost of development in Alaska to any gre^it extent is the 
acquisition of rights of way and flowage rights. The streams are, as 
a rule, more valuable for water power than for other uses, such as 
domestic supply, irrigation, or navigation, and therefore a conflict of 
interests will not arise, as so frequently happens in many localities in 
the States. 

The item of ej^nse that tends to increase the cost of Gonstraction 
work in Alaska as much if not more than any other over similar work 
in more populous countries is that of wages. Wages are high not 
only because of the high cost of living but also because of the isolated 
position of the country with respect to labor markets. An increase 
in wages is also warranted by the rather unfavorable conditions tmder 
which men are frequently required to live. 

Several small hydroelectric plants ranging from 100 to 350 horse- 
power have been installed along the coast between Cordova and 
Seward, and from indefinite cost data that are available regarding 
three of them the average cost of installation appeals to have been 
about $150 per horsepower. So far as can be learned the plants wera 
constructed under rather unfavorable conditions (one plant was con- 
structed during the spring when there was from 5 to 15 feet of snow 
at the site), and undoubtedly represent a somewhat higher initiai 
cost than would ordinarily be necessary. The water supply^ how0veT« 
18 not sufficient to develop the rated capacity of tiie generating 
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equipment during low-water period. Therefore, if diuns wore con- 
structed that would create adccj^Uiito reservoir caput ity to iis^ure 
enough wattr duiing the winter the. cost of the above installations 
would probahly approach $150 per horsepower, even though the plaut 
were installed under the most favorable conditions. 

The following description and estimated cost of installatinn and 
operatii>u of a hydroelectric plant in southeastern Alaska is luken 
from Western Engineering, Janiiniy, 1914. It is reported that the 
scheme of development described in the article has since been 
modiiied. 

IX>NO LAKE POWER DEYELOPMENT. 

m 

By E. P. Kennxdy.' 

Long Lake, which lies about 2 miles from the beach at an elevadon of 727 feet, has 
an area of 3.1 square milPH It ia situated nf»:>r !^pool "River, hotwoon Kotrhikan and 
Skagway, 35 miles sou ih east of Juneau, Aliu-<ka. Water mea-sureiuculd for eight 
months and an estiuiate fur the remaiiiing four give a yearly nm-ofi of 21,757 milliou 
cubic feet, and u fhe dnin^ at«a U taken at 32.4 equare miles the above nok-oU 
amounts to 24 feet» or an equalised yesrly floir of 680 cubic feet per second. The 
initial plant will use 300 8econd4eet» wMcb Is equivalent to a ntn-ofl of 10.4 feet over 
an area of 32.4 square m\\^. 

The power plant w to be situated n&u Second Lake, 2,0oo feet from and 535 feet 
below Loiig Lake aud about 1} miles from the beach. Thia plant will consist of two 
units, each 5,000-kilowatt capacity and each to be direct connected to a water tucbine 
utilising 300 second-feet. 

To be assured of a continuous flow of 300 second-feet the lake will be drawn on by 
tapping with a tunnel or by a siphon to a dejjth of \2 feet and the two ppillwayfi from 
the lake closed, thu? nii^in^ the lake level 25 feet, giving an available storage of 37 feet. 



The cost uf thi^* jinv i r i i;-fa!latioii would be: 

Power houso v illi two S.tJi Hi kilowatt units, complete - $250, 000 

Pipe liuea, two UO-iuch, with head gat«j 93, 594 

Closing spillways from lake 10, 000 

Tapping lake 6,000 

ContingeQcies and Incidentals 3, 000 

Plant for coostniclion 'i? 



Total 376,476 

Or a capital cost of |37.54 per kilowatt or $27.95 per horsepower. 
The cost of operating the above plant would be per year: 

General expenses 000 

Opeialiiv labor 6,000 

Bttpplies, etc 4, 000 



Total 1<>,000 

Operating cost per year per kilowatt. 1. 60 

Interest and depredation, 8 per cent on capital cost 3. 00 

Cost of kilowatt year. 4. 60 

Cost of horsepower year 3.43 



> A«t Supt Alsdca TrasdwQll Gold Ulntns Co., Trndwell, AlaslM. 

'OrU fn2kico<;tur: : .y.t «?' sv? Vaiuo of plant altir witouctlog pwlod tstiastxi WfiOO, ttm Issyfcf 
lUjSSa to be ebattod to w»t«r powwcystMii. 
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To be OHRiirod of ft yettrly average of 10,000 kilowatts the generators ebould Imi nm, at 
25 per cent ahovo normal rapacity for 6 months of the yew while there isa laige ezc6BB 
of wat4?r, and thus provide for unforoseon shtitdown^. 

Surveyai lake area is 3.1 square miles, or 86,423,040 square feet, requiring 2U feet 
in depth at l&ie area to provido for the required atonige. 

Hue BtoRge is obtained by niaiag the lake level 25 feet and drawing on the lake 12 
feet. The increased area obtained by raising the lake will make up for the decroaaod 
area by drawing the lake and also provide sufficient storage below the 2 feet of it e. 

Power estimate is based on a pipe-line loss of 1 per cent, water-wheel efficiency of 
82 per cent, generator efficiency of 93 per cent; total elficiency of 75 per cent from the 
water. Three hundred second-feet under 542-foot head at 75 per cent will generate 
10,320 kilowatla. 

Ftom flow meaaurementB the following figuiea are obtained: 





Measured flow 
(CUlriciMt). 


Maukdis- 




Fromstonfi 
fiiahla^M9i' 
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Jannarj'-.- 
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B0.i,.'>'2l),(XM) 
518. 4 W, OX) 
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47T',TT2 1400 
442,70.600 
«M,644.000 
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Jnlv 












2»*a66.'6o6 

479,331,800 


21,757,^37,280 | 6S9 


9,460,2)00,000 


a MA «A SAA 



•luvtodVrCE.B. 



Tlie foregoing estiiuaies are exceedingly low, and if after construc- 
tion and operation of the plant they are found to be correct it is 
bcli* vcd that the project will be one of the cheapest that has ever 

been instaUod. 

Tlie cost of $3.43 per horsepower per year, wliich includes all 
operatinfr expenses beside8 interest and depreciation on the capittil 
cost, could be increased several fold and still be much cheaper than 
steam power witli coal selling at cost. 

It should 1)0 noted that the estimate does not include the con- 
struction of a dam, wliicli is often necessary and freq^uently makes 
up a lai^e percentage of tlie total cost. 

A point in connection with the above project that is worthy of 
note— Ihoui^h not pertinent to the cost — is the liigli rate of run-oflf 
on whicii ihe capacity of tlie plant is based. The average yearly 
flow is estiniutod to be 669 second-feet or more than 21 socond-feet 
per square nide. 

The cost of developing the Silver Lake power site in the Prince 
Wilham Sound region hn-^ been estimate<1 witli considci :i])le care by 
interested parties. Their estimates contempiul nl a j)lant of 750 
horsepower capacity, a 10-foot dam at the outlet of the lake, and 
8 or 10 miles of transmission line at a total cost of about S55j000 or 
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a little over $73 per hoisepower. This site conld no doubt be 
developed to a capacity of several thousand horsepower without 
increasing the cost in anywhere near the same ratio. 



BtbimaterJ cost of operating a SOO-horgepowfr strctm plant per year (:W5 (Ia>js. S4 hour» per 
dm/), assuming capital cost of f 100 per horsepower^ or total cost of f jO.OOO. 
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&Hmatei eoH pf opemUnff Uean plant 6 moauh. 
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21.114 
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SJ.OOO 
14.076 
2.738 
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0.384 
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29,r>42 


22.e04 


17,012 


15,566 


Tots! p«?r horsepower for 6 months 


98. SI 


75.35 


58.71 


51. f« 



Ettimated oo$t qf operating a 500-horu pov er hydroekctric plant per year CS6S dojft^ £4 
haurt per d^y), attiming capital cott o/fijO per hor$epower and 6 fnuet tranmimo^ 
Une ai ftfiOO; total coat ofeyetemt fSSfiOO, 



Intereet and depreciation, at 10 per cent 95, 500 

4 opemton, at |6 per day— 2 diifiB, with 1 operator at generatiiig and 1 atdifr* 

tributilig end 8, 700 

1 lineman, at $4 per day 1, 460 

Oil» waste, and suppheB 1, 000 



Total iorpla&t 16,720 

Totdperlioraepowerperjrear 56.78 

JStfrnutfed toH of operating hydroekctric pUad € montke. 

Interest and depreciation, at iU per cent 65, 500 

4 opemtora, at 66 per day 4,880 

1 Imenuui, at $4 per day 730 

Oil, iraste, and eiqiplieB 500 



Total for plant 11,110 

Total per lunsepower for 6 months 37.08 



The purposes of the above tables is not so much to show the actual 
cost of pr*uiucing power as it is to give soiue idea of comparative cost 
of steam and water power. Although the above figures may bo con- 
siderably iii error, it is believed the assuinpLioiis regarding the steam 
plant are in its favor as opposed to the hydroelectric bystem, thus 
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giving added weight to the final conclusion that the water power is 
much the cheaper. For example, it is arbitrary what interest and 
depreciation charges should be made, but it is generally conceded 
that they should be greater for a steam plant than for a hydroelectric 
plant, though in this estimate the same chaige (10 per cent) ia 
assumed. 

The con^tnmption of coal per horsepower-hour in known to vary 
widely among diiicrent plants, but for one of 30U horsepower it is 
seldom less than 4 pounds and more often 50 to 100 per cent greater. 
The cstmiaied cost of labor may be questioned, but it should h& 
noted thut the total is assumed to be slightly greater for the hydro- 
electric plant than for the steam, which id far from probable. 

The capital cost of steam plants varies between wide limits, duo to 
different types used and the variety of conditions under which they 
are installed. Average costs for different sizes and types of plants 
have been determined from a large number of installations in the 
United States and Canada. For plants with simple noncondensing 
engines with capacities from 10 to 100 hoi*sepower the unit cost of 
installation has been found to vary from a maximum of S225 to a 
minimum of about $75. Larger plants of 100 to 2,000 horsepower 
with compound condensing engines are somewhat cheaper per unit 
of capacity, the average cost varying from a minimum of about $50 
for the largest to a maximum of about $170 for the smallest. The 
assumed cost of $100 per horsepower for the plant under discussion is 
believed to be more likely less than greater tibiaa what it would actu- 
ally cost. 

In estimating the cost of steam power it is considered that the 
energy is to be used near the point where it is generated, but if the 
market is not near tidewater or a line of railroad it would probably 
be cheaper to install electric generators and traDBmit the energy by 
wire than to transport the fuel, in which case the capital cost of the 
plant would be considerably greater than that assumed. 



Comparative coat of different syitenu, mmmarized Jrom premous tables. 





l». 


16. 




$3. 




steam plant 6 monttis -i- hy(troal«euic plant 6 months, par 


U87.a 


UMIM 
US.M 


MLTI 


mn 




58.79 



In the table aboTe are sununarised from previous tables the esti- 
mated unit costs of one horsepower per year^ from a steam plant 
alone, from a h3rdroeLectric plant alone, and from a plant using steam 
and hydroelectric power ea^ for six months. The figures ahow that 
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tho cost of wiiU^r powor at !?55.73 per homjpowor yoar is oiJy ahout 
one-thinl iliat for steam with coal at S9 pei ton, which is about tho 
minimum pric4i that coal sold for in 19i3 at tidowat-or in south-contral 
.'Vlaska. Witli coal at $3 per ton, which is proba])ly loss than it can 
bo sold for when tho Mataiiusiva and Bering River holds aro com- 
mercially availal)lo, tho cost of wat4>r power is stiU about 40 per cont 
less than that for steam. 'Hie combmed st^^ani and hydroelectric 
plant is also shown to be more economical than steam alone, even 
with coal at the minimum figure. 

California crude oil is now being used to a considerable extent in 
placo of coal in Alaska, and so long as coal must bo shipped from 
British Columbia or points on the Pacific coast of the United States, 
the advantat^o of oil will pn^bably continue, but when local coal 
becomes available it is doubtful if that condition will persist. Com- 
pared witli coali oil weighs about 35 per oent lees for equal heat 
values and occupies about 50 per cent less space. An average ratio 
in heat values that is £pequently used is 3.5 barrels of oil to one ton 
of coal. The selling price in 1913 at Cordova was $2 per bairel. 

Wood is used but lit tie for the development of power. It can not 
compete with other fuels even mider the prevailing high price, except 
where the timber k locally available and the other fuels must be 
transported for a considerable distance. About two cords of wood 
are generally considered the equivalent of one ton of coal. 

Gasoline is used to some estent by small power consumers in 
isolated localities where wood is not available and whore lack of 
transportntion facilities demands economy in weight of both equip- 
ment and fuel. About one pint of gasoline or denatiu^ alcohol is 
required per horsepower-hour when the engine is being run under 
favorable conditions, such as most efficient load, proper compression 
and time of ignition and most suitable explosive mixture. As ordi- 
narily operated gasoline engines may require several times tho above 
quantity of fuel per unit of power developed. In quantities of 50 to 
100 gallons gasoline sold for $0.40 per gallon at points on the coast 
near Flince William Sound in 1913. 
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INTRODUCTION. 

The territoiy ooYdred by this report (see fig. 5) incliules that por- 
tion of southeastern Alaska extending southward from White Pass 

for a distance of about 350 miles. Detailed invebtigations of water- 
power resources were made in three districts of this area — Ketchikan, 
Jimeau, and Skagway. Data were also obtained at Sitka and other 
points and from conversation with persons familiar with the country. 

From Ketchikan the plants of the local power company, the New 
England Fish Co., and the Metlakatla Fish Co., at Beaver Falls and 
Sulzer, were visited. The undeveloped possibilities at Iladlev, Ka- 
saan Bay, Cholmondlcy Sound, Georges Arm, Carroll inlet, Unuk 
River, and about Sulzer were investigated also. 

From JuiH ail tlie developments of the Treadwell Co,, on Douglas 
Island, uf the 1 'erseverance and other companies, in Silverbow Basin, 
and of the ^Vinalga Co., at Eagle River, were visited. The conditions 
in Taku Inlet, in Imling Turner Lake, were investigated and nifor- 
mation was ui tamed in regard to Endicott River and the streams 
between Juneau and Eaglo lliver. 

At Skagwaj the local power plant and the plant of the Chilkat 
Fish Co. were visited, and a trip was made over White Pass and 
another to Haines, from which the Porcupine Creek district was 
visited. 

At Sitka data were obtained in regard to Chichagof island m 
Kiag Bay. 

OENERAIt TOPOORAPmC FBATURBS. 

Southea.«ttem Alaska comprises a narrow strip of muinhuid and a 
series of islands separated from one another by a network of ( han- 
nela and straits. Both the mainland and the islands are indented 
with many bays, fiords, and inlets, whieh, with the other natural 
conditions, practically cut off all travel except by boat. (See PI. 
XX, A.) 

>Thllf^part is a iflprlnl wIthdIfhteliaqpBor aitktoln U. B. GmL Bnnv BalL 449^ pp. MT-UT, llOa 

167 
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With the excoption of small areas of flat lands along tho larger 
rivers and at places along the coast, the entire area is mountainous. 
The mountains rise abruptly from the shore line and reach a maxi- 
mum elevation varying from 4,000 feet in the southern part of the 
area to 7,000 feet in the northern part. Owing to this topography, 




Figure 5.— Ifap of southeas-tern Alaska. 



the streams, with the exception of a few of the larger rivers which 
come tlirough the mountains from the interior, have small and pre- 
cipitous drainage areas. Their courses are short and they have a 
large fall; in fact, many of the streams are made of a series of cata- 
racts. (See PI. XXI, A.) 



U. 8. OEOUXilCAl. SURVEY WATER-SUPPLV PAPER S72 PLATE XX 




A. TYPICAL COAST SCENE. 




B. TYPICAL FOREST VIEW. 
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B. HANGING BASIN SHOWING OUTLET WITH FALLS AT SHORE LINE. 



SOUTHEASTERN ALASKA. 



159 



In the norUieni part of tlie area moat of the streams head in the 
leaders which cover a largo portion of the country. In the lower 
southern part of the area many of the streams head in small lakes 
which occur a short distance back from the shore line in the hanging 
TaUejB that are characteristic of this area. Most of the streams 
flowing from these lakes are precipitous, and many of them empty 
into the ocean with a cataract at the shore line. (See Fl. XXI, B.) 
These lakes afford excellent opportunities for storage, as the topog- 
raphy near them is such that a dam can usually be constructed for 
raising their water level. The meet successful powers already devel- 
oped depend on such storage during a large part of the year, and 
further development in this region will depend on the availability of 
such lakes. 

OEOIiOOT. 

In general, there is over the underlying rock of the country but a 
small depth of soil; hence the facilities for ground- water stori^o are 
exceedingly scanty. The underlying rock of the islands and of the 
mainland up to the foothilb is limestone, slate, and schist; in the 
remainder of the area it is granite. 

At the mouths of some of the larger rivers there are 'alluvial flats 
and glacial deposite, but the coast b, except in a few places, rocl^ 
and ste^. 

CIiEMAT£.* 

As shown in the following tables, the climate is simihir to that of 
the extreme northwestern part of the United States. The last frosts 
orrur not much lator than the 1st of May and the lii-st frosts do not 
come until early in September. The number of growing days, there- 
fore, averages about 180. 

The winter temperature ranfjos from 10° below to nearly 60® 
ab(>ve zero; the summer temperature ranges from 35° to 80°, with 
occasional extremes between 85° and 90°. 

Precipitation varies considerably in difFerent portions of the area. 
Along the west coast and in tlie area along Dixon Entrance, which 
is exposed to the direct winds from the Pacific, it is rather high, 
ranging from 130 inches a year at Fort Tongjuss to 88 indies at 
Juneau. In passing inland it decreases and at Skagway is only 21 
inches. 

A disii!^i'( onble feature of the ctmiitry is the large numi>er of rainy 
days, which averages al)oiit 200, except in the vicinity of Skagway, 
where it is le?s tlian 100. The rains are usually not heavy. Not- 
vrithstanding tlu^ great precipitation, it dries off quickly after show- 
ers, a fact which indicates that the humidity is low. 

* ypf iBflwooinpltteweordiMid diacii a rtoM «f ffltiiM i ti i mm pp. ttii»Tolum». 
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Temptrvltun and prwdpUaiien in wUhmttem Alatha.* 
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Precipitation. 
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50 
50 
50 
63 
71 
83 
88 
83 
86 
66 
60 
45 



- 4 

- 4 
10 
13 
26 
3h7 
3S 
3S 
31 
20 

- 1 
1 



riiii lj,iiffatlu«_ 



la 61 

4. So 
6.62 
5.25 
7.36 
4.99 
5.5d 
7.53 
12.19 
10.05 
10.47 
8.16 



93.06 



Kamher 

over 0.01 
Inch. 




• Brooks, A. H.,OeoKraphy and goal 
b The records were not continuous, 
tinuous twolveoumth periods oovtered. 
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Temperature and precipitation in toutheastrm Alaska — Continued. 





Ska(r*rav (Z\ months — November, 
Vm, to December, 1903). 


Sitka (17 vears, 44 mooth^^— No\-em- 
ber, 1867, to December, 1902). 


Monui. 


Temperature 


Pncipiution. 


Temperature 
('F.). 


Precipitatioa. 










Number 








Number 




Maxi- 


Mini- 


Inches. 




Maxi- 


Mini- 


Inches. 


of d.iys 




mum. 


mum. 




over d.OI 


mum. 


mum. 




over O.Ol 










inch. 








inch. 




42 


— 4 


a90 


7.5 


51 


- 2 


1117 


16.8 




44 


- 9 


.57 


2.5 


54 


- 3 


7.47 


15.9 




63 


-10 


.64 


3.0 


65 


- 1 


6.70 


18.0 





61 


16 


2.39 


1U.5 


70 


19 


5.61 


16.3 


79 


25 


.77 


4.7 


80 


28 


4.11 


16.1 




90 


34 


.60 


5.0 


80 


33 


3.31 


13.6 


July 


92 


39 


1.73 


5.7 


87 


35 


3.55 


11.9 




W 


33 


1.51 


H.5 


83 


39 


5.W 


16. 8 




76 


30 


3.47 


13.5 


74 


33 


9.67 


19.5 


October 


60 


16 


3.22 


12.0 


67 


25 


11.96 


21.7 




51 


7 


X17 


8.0 


50 


5 


9.80 


19.5 




57 


- 4 


3.78 


11.7 


SO 




7.8S 


18.9 


Year 






21. :• 


92.6 






88.10 


207.9 


1 







Dates of freezing in soxttheastem Alaska. o 



Sf.iticin n:vl year. 


T.ASt 
killing 
frost. 


La5t 
frost. 


First 
frost. 


Flr^t 
frodt. 


Growing 
days. 


FortToogass: 






Nov. 6 
Sept. 29 


D«'C. 19 
IXjc. 17 








Mar. 19 
Mar. 14 


310 






Fort Wranffoll: 




S.'pt. 30 
Oct. 5 
Sept. 14 
Oct. 2 

Nov. 18 
Oct. 6 
S«>pt. 20 
S«»pt. 10 
Sept. 4 


Oct. 15 
Oct. 39 
Oct. 29 
t)ct. 8 






Mar. 14 

Apr. 30 


.\pr. 20 
June 5 


339 
182 






Juneau: 








MO 




Bfsr. 29 
May 2 




191? 
141? 








St>pt. 10 


un ! 






1900 






Sept. 22 
Sept. 4 




■^TSK: 




May 9 




117? 




Apr. 9 






July 7 


Aug. 27 

Sept. 13 
Sept. 38 
Oct. 15 
Sept. 27 
Oct. 14 
Oct. 18 
Sept. 3 
Sept. 37 




SO? 


KUUbdoo: 












Oct. 12? 
















May 6 
Mar. 31 
May 3 




14S 
197 
160 


















Sept. 13 














Apr. 31 










Sept. 19 
Oct. 19 






















Oct. 31 
Oct. 7 
















May 37 




Not. 5 


iei 




May 8 






June 1 


Aug. 35 


Oct. 1 
Nor. 1 


132 

















a Brooks, .\. II., GeoRTuphy and {;oolo(;y of Alaska: U. S. Oool. Survey Prof. I»aper 45, pp. 171-172, 1906. 
J)7W)1*— wsp 372—15 11 
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TBOETATION. 

Owing to the mild temperaturr, the long days in summer, and tho 
heavy precipitation, tho vep^etutioii in southeastern Alaska is very 
luxuriant. Except where tho soil is too shallow or the slopes too 
rocky, tlie wliolo area is covered with dense forests of spruce, cedar, 
and hendock and is in the national forests. (See PI. XX, B, p. 15S.) 
Amunt:; tliis timber there is a heavy imder<^rowth of devil's-club, ber- 
ri(^s, and other small plants. In the southern part of the area trees 
vary in diameter up to G feet and grow up the slopes to the mountain 
tops. Toward the north tho size of the trees diminishes, the uiuU r- 
pjowth is not so heavy, and the timber does not extend to the top of 
the mountains, whicli are either small or glacier rovored. 

Much of the forest is overmature and defective timl)er is common, 
but in coves and (j^idUes for several miles ba'-k from the coast there 
are many iine stands of spruce and cedar wliick have never beeu 
injured by lire or cutting. 

The logging practice now in vogue takes only tho best spruce trees 
which can bo felled into tho water or on slopes where they can be 
skidded in by hand. Of course it is difficult to log in a mountainous 
country, but much timber can be logged in southeastern Alaska with 
no more difficulty than attends many operations in the Pacific Coast 
States, if modern methods are introduced. 

So far only the spruce has been used for saw timber, but both spruce 
and hemlock are undoubtedly good pulp woods. The few sawmills 
now operating in southeastern Alaska obtain their timber from the 
national forests, but tho supply of timber is much greater than is 
required by local needs. The Forest Service is desirous of increamng 
the timber sales, and the present price of stumpage is low — only $1 a 
thousand board feet. Full information on this subject can be 
obtained from the forest supervisor at Ketchikan. 

Aside from the native growth, garden truck, berries, and the hardy 
grains and grasses can bo raised in all parts of this area. Straw* 
bemeSy raspberries, and huckleberries grow both wild and cultivated 
and are of most excellent quidity. Grasses and grains are difficult 
to harvest and cure owing to the large amount of rain. 

The areas suitable for agriculture are small and are expensive to 
bring under cultivation. Agriculture is carried on with difficulty on 
account of the swainpy condition of the ground, which is hard to work 
with horses unless w^ drained. 

GCINERAL. CONDITIONS OF KUN-OFF. 

The run-off from the streams in this area results principally fromi 
direct rainfall, melting snow, and melting glaciers. In view of tha 
large rainfall, the excellent forest cover, and the glacial areaa, tlia 
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general deduction woidd be that thia section should have many large 
streams with an abundant and weU-sustained nm-off. This, how- 
evefi is not the case, as the catchment areas are smaH, and although 
the total yield per square mile is considerable, the streams are not 
large and they fluctuate very rapidly. 

The forest effects are principally offset by the deep slopes and 
shallow soil, which afford but little ground storage. The streams 
respond quickly to the rainfall and their volume drops with 
equal quickness as soon as it ceases to rain. Frequently they are 
reduced from a maximum to a minimum flow within a few days. 
Thb is illustrated in the hydrograph of Porcupine Creek near Haines, 
in the northern part of the area (Fl. XXII). This stream has a 
drainage basin of 34 square miles and heads in a large glacial area. 

In many places, owing to the steep slopes, there are no well-defined 
streams but instead the water runs down the mountain aide in many 
small channels, some on the surface and others between the soil and 
the rock. In some of the developments the water is obtained by 
contour ditches which bring the water togeth^ from these streams. 

Most of the large glaciers tmnmate at elevations but little above 
sea level and are therefore practically of small value as a source of 
water supply fc»r the development of power. The smaQer glaciers 
are beneficial only during the summer months, as their water is cut 
off early in the fall by the frosts. It is probable that many of the 
extreme variations in the glacier-fed streams are due to the making 
and breaking of ice jams which raise and hold back the water. 

The streams which head in lakes have a much better sustained 
flow and are practically the only ones in the area which arc of much 
value for power, as any largo development must depend on storage 
both for the winter months and during dry parts of the siiiumer. 

Tlie principal tlofect in the water supply, so far as the production 
of power is concornod, is the extreme low flow during the winter 
months. On the snutller streams, which have no stora^je, there is 
practically no flow in winter, and even on the streams havinj^ lake 
storage the flow is extremely low, as shown in the recortls for Tuiner 
liiver (tig. 6), which empties into Taku Inlet near Juneau. This 
stream has a drainage area of 06 square miles and heads in Turner 
Lake, which oilers exceUent facihties fur storage. A portion of the 
area is also covered with glaciers. The scantiness of the winter 
flow is due largely to the monfrer amount of storage capacity in the 
groundi which freezes to bctirock, thus holding back the water. 

INDUSTRIAIi COXBmONS. 

With iho exeeptiun of a few to\ms along the shore and senttered 
xnininfi; camps and fisheries, southeastern Alaska is very sparsely 
settled. The only ready means of traosportatiou is by boat. Aside 
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from the regular steamen which run from Seattle and other porta, 
each town has a local service connecting it with adjoinmg towns and 
camps by gasoline launofaes. 

There are practicaUy no roads and the country back from the shore 
line is almoet inaoceasible, Tlw building of Qovenunent roads, which 
is now under way, will be a great help to the development of the 
country. 

The two well-developed industries are fishing and mining. The 
larger part of the fishing is for the salmon canneries. An icing plant 
has just been establishod at Ketchikan. The mines are principally 
quartz mines, yielding ^oltl and copper. 

Next to fishing and mining comes lumbering, which at present is 
but liUle developed and is confined to shingle mills and a few small 
sawmills that meet the local dejnand.-i. A;u,n iculture, owing to the 
yjiiall amount of suitable land available, wiii always be of very minor 
importance. 

The success and future development of both the mining and the 
Imnbering interests depend wholly on tlieir ability to get cheap 
power. Most of the miaes so far opened have been in the Juneau 
belt and are in ore of low grade, large amounts of wliich must bo 
cheaply handled in order to make them profitable. The best paying 
mines owe their successful operation to the presence of cheap power 
in their immediate vicinity, and their future development will depend 
on the procuring of further cheap power. This is a vital question 
with the older companies, and they are invest it^n ting every possible 
source of power. The fishing industry demaiuis ordy a small amount 
of power during the canning season. Tbis can readily be obtained 
at small expense in the vicinity of the plants. 

In developing the timber rest)urces it will be pos8il)le to produce 
chenp steam power bv the use of sa\vmill waste as fuel. The ulti- 
mate development, liuwever, for )>otli lumber and pulp will be 
through the establishmoTit of mills ai accessible power sites. 

The future devel ipnn in ni ciectrochemical processes may open a 
new industry for this region. In its present stage, however, there 
is no fiold in Alaska for this industry. 

l'ra( ticiUly the whole area here considered is included in the Ton- 
gass National Forest, and therefore the conditions governing the 
national forests wiU, in a large measure, regulate the development 
of the timber and other resources of this country. 

POWEK POSWIBIUTLEW. 

As shown in the subjoined table there were 102 water wheels in 
Boutheastem Alaska in 1908, developing 15,319 horsepower. This 
table is based on a special water-power census taken by the United 
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States Censiis Bureau, and the amounts are made up from state- 
ments received from power owners in the yarious sections. These 
figures have not been verified, but it is believed that they are some- 
what large, as they probably give the maximum development, and 
this can be maintained only during a small portion of the year. 
Most of the ]ilants have but little power during the winter months. 

In considering the development of the water powers in southeastern 
Alaska the possibility of developing power from li«z:nite and coul 
deposits in that region must be taken into account. When these 
deposits are opened, fuel avlLI probabl}^ be avaihible at a compara- 
tively low cost on account of the ease of water transportation, and 
steam power may be produced much more cheaply and will be more 
reliable than the water power. 

A great drawback to water-power development in this regiciii is the 
difficulty of transmission. The country, as already stated, is cut by 
numerous channels, has a rough topograpli} , and is covered with 
dense forests. Therefore transmission lines are chfricult and expen- 
sive to construct, and this practically prohibits development at sites 
where the power can not be utihzed at the point of developnaont. 
In view of these diflicullies, the possibihties at the present time for 
large power development in southeastern Alaska are not great, and 
such projects should be doscly scrutinized as to their feasibihty both 
from an engineer's staiidponit and from that of an investor. 

The opening of new niining districts and the development of the 
timber interests in this region will create a more widely distribut4»d 
demand for j">owcr and enable the utilization of sites which at the pres- 
ent time can not ])e considered as available. As already stated, the 
success of any lart^e water-power (k^velopment, to be run during the 
entire year, will depend on the possibility of adequate storage. The 
meager to]>(i<xraj)liii' data availaltle indicate that tliere are i)r<)i)nl)ly 
many lakes throughout the region which will oiler excellent storage 
facUities. 
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Dgudoptd water power m touDlMiltni AhMka^ 2908. 



Numlier 


Horsf- 


of wiveols. 


power. 


9 

m 


so 


2 

V 


70 


o 

m 




3 




4 


1 VI 




lO) 


r 


h 


1 


V 


1 




4 




1 




1 




t 






fn 


1 




1 




3 


1,100 


1 


Z5 


4 


4.000 


8 


880 


a 


500 


2 


15 


4 


300 


2 


5 


1 


6 


37 


6,297 


2 


240 


5 


1,000 


1 


150 


M 


15,319 



Owner. 



Porcupine Gold UinJng Co , 

Coltiinbiii Caniiine f'o 

Nu^g«t Crock Mining Co 

Columbia Ciuiniiin Co 

8h ik:in Salmon Co 

( il .^ 1 Qnek PlacurCo 

I ill. .11 iroo Works 

Hydnuillc Plpo and Boiler Works.. 
yiun 6i Young. 



K. G. Kptrhnm 

Alaska Indii-slrial Co 

Do 

Aracrit-an VkM Mining Co. 

Yukon I'libli^hinK Co 

Home Power Co 

NavBnglHidrWiCo 



J. P. Jorpcnson it Co 

Ebner CfOld Miniiii; Co 

Ala^kii rcrs<>vfnino> Mining Co 

Ala.-ka-Jimt au (ifnd Mining Co 

F. 11. r.irlriil;;.' 

Alaska Co[ii> r Co..... 

A. Murray 

Jono^ii Iron Works 

Tneadwe 11 group 

C;tir..'ns' I.i^;ht, I'owor and \V,.t<'r 
('.1 

Alx ka K!<'Otric Light and I'ower 

Co. 

Chiducof Gold lliuiug Co 



Location <if plant. 



PorcapliieCi«Bk. 

Haines 

do 

I^nard Croek.., 

Shakan Cre«k 

McKinley Creek., 

Gold Creek. 

Jimeau. 

Shakan 

MetkkaUa 



Kiiproanof Lland 

Jumbo Cri'L-l; 

Sulwr 

Shi'i-p i'rt'i'k 

•Ska^'Wiiv 

Lake l»--\v« y 

Liiko Whitman aod 
Cojil Crot k. 

Jun.'au 

Cold Crt'ok 

Siivt'rbovr BaBin 

...do 

I loon ah 

Lake Creek 

Douglas 

Juneau 

Douglas I.sland 

Ketchikan Creek 

Cold Creek , 

Clay Bay , 



Cluir.K ti T of industry. 



Placerinining. 

Cannery. 

MinlnK. 

Salmon cannery. 
Do. 

riao r mining. 
.Mac hine .shop. 
1 ipe and boUer works. 



Sawmill and 

cannery. 
Barrel factory. 



salmon 



Mining. 

Do. 
Ni'Wvpit^^r 
Light and i>ower. 
KLsh (reexmg and ice 

making. 
LumI" r 

Sti-irtz mining, 
ining. 
Do. 
Sawmill. 

SmelUT and sawmill. 
W(km1 turning, etc. 
Ciencral repairs. 
Uold mining. 
Do. 

Do. 

Do. 
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A. 

Page. 

Abercromble Rapids, description of 41-42 

possibility uf a power plant at 12 

AokDOwleUgments for aid 12 

Alaska Water, Light 6t Telephone Co., 

power plants of iQ7-lQ8 

Altitude, inQueoce of, on precipitation 2S 

Archangel Creek, description of 146-147 

Atka Island, precipitatk)n at 18, 2Z 

Avery Uivor, description of lilQ 

falls on , plate showing IQQ 

near Golden 101-102 

power possil^ilitles on IQllIUI 

B. 

Banta, O. L., acknowledgment to 12 

Bench Creek, falls on, plate showing IQQ 

Berg Lakes, description of 

Bering Inland, precipitation at 18.21 

Bering I^ke,l«)cation of 3ft 

Boring River, falls on, plate showing lifi 

dr^nage basin, general features of 35=32 

Bottle Creek at Galena Bay M 

description of Si 

power plant on SL 101 

Brevier Creek, description of 81 

discharge of 82 

Brooks, Alfred on the Copper Klver I'la- 

teaa 40-» 

on timbor In the Copper Ri\T!r drainage 

basin IL^ 

preface by tj-ia 

C. 

Calder, precipitation at 18^19^22 

Canyon Creek (Coulrollcr Bay region), de- 

8criptk>n and discharge of 21 

Canyon Creek (Kenai I'onin.stila), descrip- 
tion of 12a 

discharge of LU 

Capps, S. R., tee Uoffit, F. and Capps, 
S. R. 

Chickaloon, piecipitatfon at 1H,1£.22 

Childs Glicipr, location of 

ChL^na Couwiidated Mines Co., power plant 

of Ifll 

Chlsna Creek, course of ao 

diijchargc of hi 

power plant on W.1QI 

Chlstochina, prec ipitat Ion at is, 19.27 

Chitlna River l>a9in, general features of. ... . r^v, 

geology of ■•4-.v=; 

Cbititti Creek, discharge of fiQ 

gold placers on S.S=M 



Tape. 

Chokosoa R Iver, discharge of 62 

Chugach National Forest, administra- 
tion of n 

Clear Creek, descriptkin and discharge of Sii 

Climatic provinces, boundaries of 1ft 

Coal, competition of, In power pnnhiction. . . W. 

occurrence of, on Kcimi Peninsula 112 

See aUo Fuels. 

Coal Harbor, precipitation at 18^19^22 

Coast scone, typical, plate -showing ILS 

Controller Bay region, general features of 31=35 

map of 31 

measuring points in 2^ 

power sites in 29 

Coopver Creek, description of 12^ 

dischargo of 12& 

power possibilities on 12i 

Copper, occurrence of, in Bot f le Creek Valley. a 
occurrence of, in the Kotsina-Chitina l«lt. 4.V44 

In the Kuskulana River >>asin 63 

in the Prince William Sound region . 23 

Copper Center, Copper River near ih-Ad 

Klutlna River at il=fi2 

precipitation at IS. 19.22.27 

temperature record at 22 

Copper Creek, course of hi 

Copper River above .Abercrombio Rapids, 

plate showing i2 

at HQes Glacier 4I=ai 

description of 41-43 

near Copper Center 4.'>-46 

I mile above Copper Center, plate show- 
ing 31 

view up 12 

Copper River & Northwestern Railway, ac- 
knowledgment to 12 

Copper River drainage Im-sin, ga(;ing stations 

and measurlug iwints In 15 

general features of -to-^-I 

map of U 

mineral resources of 4.V44 

power sites in 66-6S 

timber resources of 44-4.'i 

Copper River Plateau, description of 40-11 

Copper River \-alley, plate showing 31 

Cordova, Humpback Creek near 7(V~77 

Power Creek near 7tv-?i 

power plant at lavina 

precipitation at l**, 19. 22. 27 

temperature record at 33 

Cordova River, srf Rude River. 

Craiglc Creek at Gold Bullion Mill.. 142-14.'; 

power plant on i^g-Mt 

ma 
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D. 

I'age. 

Dan Creek, d I^chargo of fiQ 

gold placers oa 

Davis Creek at Golden SiblQQ 

dcscriptfc)n of fiS 

falls on, plate showing fil 

power possibilities on fi2 

Davis I«ko, plate showing 22 

Devil Creek, description of 122 

Dickey, W. A., acknowledgments to 12 

Drainage area and stream, typimi, plate 

showing ISO. 

Duck Uivcr at Galena Bay 87-«8 

falls on, plate showing &1 

general features of 85=82 

hydrofmph of Sd 

power iK)ssil lilities of y>-87, IQS 

Dutch Harbor, precipitation at 18,19^22 

E. 

Eaglok Bay, falls at, plate showing fifi 

location of 82 

power possibilities on 

Electricity, obstacles to transmis.'sion of UQ 

EUamar Mining Co., acknowledgments to 12 

Eqtii\'alpntf, rnnvenfent 14 

Ejak Luke, description of fiB 

F. 

Falls Creek (Copper River drainage f>asin), 

power site on 53 

Falls Crcok ( FCenai I'eninsula), descrfpi ion of. UH 

discharge of 120-121 

power plan t on I2tl 

First Berg Lake, water power from 3f>-37 

FLsh Bay, location of 12 

powTr sites near 7S-W) 

Fishhook Creek, description and iliscliargo of. HI 
Forest reser\'e on I'rinee William Sound, ad- 
ministration of 71 

Forest view, tjrplcal, plato showing l.Vj 

Fort Liscum, precipitation at IH, 19.27 

temperature record at 31 

Free Gold Mining Co., acknowledgmtml to. . . 12 
Fuels, cost of 5s,iMzl55 

O. 

Galena Bay, Bottle Creek at M 

description of S3 

Duckltiwrat K7-.HS 

Galena Bay MiningCo., power plant of 102 

G llah ina R iver , discharge of Q2 

Gilnhina RlvtJr b&sin, general featun>s of 61 

G lacier Creek, description of 01 

discharge of fiZ 

water power from ifts-ing 

Gladhaugh Creek, description of S1-S2 

discharge of h2-f>a 

Gold Bullion mill.CraigieCrcek at H2-14.'S 

Gold Bullion MininfjCo., ackrowlodgmfut to. 12 

Gold Creek, gcnt-rul fcuturci of ffl 

nearValdet ftVM 

Gold lodes, occurrence of, In Mineral Creek 

valley fi2 

occurrence of, in the Copper River basin.. il 
In the McEJnley Lake district fiS 



Pap»». 

Gold lodes, occurrence of, in Willow Creek 

basin 141 

occurrences of, near Tort Valdcz 22 

near Port Wells 73.98 

near Shoup Bay M 

on Archangel Creek 146 

on Gold Creek aa 

on Kiiiuii Peninsula 111-112 

Gold placers, occurrence of, in the Copper 

River basin 4*,5& 

occurrence of, on Gold Creek 23. 

on Kenai Peninsula 112 

on Mixioril Creek 92 

Golden, Avery liivei near ifti-iiw 

Davis Creek at nn-fm 

Hobo Creek near ios-i04 

Graff, S. M., acknowledgments to 12,1^1 

Grant Creek, description of i?i-i2a 

discharge of 122 

power possibilities of 122 

Gumboot Basin, locatioo of S 

H. 

Hanging basin with falls nt outlet, plate 

showing 150 

Harrison Lagoon, locjvt ion of 102 

Heldon Canyon, 3ce I.owe River. 

Hobo Bay, location of ifla 

Hobo Creek , dcicription of KB 

near Golden 103-104 

power possibilltkjs of im 

Holdsworth, P. H^ on thp pnwnr plant of the 

Skoen-Lechiu r miiio 120 

Horsetail Falls Crock, course of SSQ 

discharge of SI 

Hoyt, John C, A water-power recoil naissance 

In southeastern A laska lw-ib? 

lIubboLTd, Charles G., acknowledgment to. . . 12 

Hummer Bay, description of itti 

Hummer Creek, discharge of 10^ 

Humpback Creek near Cordova 76-77 

water power from 10& 

J. 

Juneau, precipitation at IS. 1&-20.23.27 

temperature record at 21 

Juneau Creek (Konai River drainage bo.sin), 

description of. 125 

discbarge of 12S 

power possibilities on 125 

Juneau Creek (Sf.xmile Creek drainage basin), 

descrii'tiou of 12&. 

discharge of 131 

K. 

Kanata R Iver, discharge of flft 

Katalla , 1 ocat ion of 25 

pa'cipltnt km at IS. 20,27 

Katalla R iver, description of 3fi 

Kenal, prccfpitation at 18. 20. 27 
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